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H eaTen 

I •• tke Book of Ood before ua fet, 
"^ 'n to r«ad his wondrous Works. 



AOVCRTIf BHENT 

TO THK FIRST SDITION. 

Whilb engBgvd in the delivery of Astronomical Lectareau 
auxiliary to other important measures for the intellectual ana 
moral improvement of the younff, the inquiry has often been 
liiade, ** What small Manual on Astronomy would you recom- 
'mend to our perusal while attending your Course?" I knew 
x>f^aone, which exactly pleased me. I determined to take bones 
• $Md sinews for a new body, from some recent Eng^lish materials 
'in my hands, and attempt to give them form, complexion and 
motion myself. How far this treatise will mee't the necessities, 
or receive the approbation of the Public, the Author must leave 
for others to decide. 



In ihissxcoND xditioh, grateful acknowledgements are ten- 
dered to the Public for the rapid sale of the First Edition ; a 
sale unprecedented in the introduction of a new school book. 
Some improvements and additions are now introduced. 

It is bdieved, that the present Appendix will supersede the 
Mcesitf of Qsinff in schools any other work for aolvii^ pro- 
Umm on the globes. 
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DBDICATION. 



Whilb tbjs Manual is commended to the 

^ >leiiity >and patronage of those conducting the Lite- 

-raiy Institutions and Lyceums of our land ; and 

V while the other numerous circles of Ladies and 

< Grentlemen in our principal cities who have gene- 

^ ^rously patronized his Lectulres are not forgotten ; 

,; yto the Officers and Members of the New-York 

(^Mercantile Library Association this small 

>yolume is affectionately inscribed. 

^, Should it contribute in any degree, profitably 

^ to employ a leisure hour in their counting xoomsj 

r-v in contemplating topics to which, with an enthu- 

<^«astic interest highly creditable to themselves, they 

^ have listened in the lecture room, it woukl give 

" new pleasure to one, who conaders those hours 

among the most privfleged hours of hb life, when 

pemutted week after week to address more than 

eight hundred Gentlemen, destmed in Proviience 

to exert the highest measures pf commercial in* 

fluence. 

With ardent desires, that they may each shine 
in a brighter firmament when every star of even- 
ing is blotted out, 

I remain, their obliged and humble servant, 

H. WILBUR. 
New-Haven, Aug. 18, 18S9. 
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PREFACB 

Ths impremon has been too coiiunoii« tlut the 
phyaieal scien^s most not be studied till the edo* 
efttion was nearly completed. This error needs to 
be eorreeted. With books and instmclers, adapt* 
ed to the capacity of the learner, no matter how 
eariy the mind is occupied with the properties^ the 
combinations and motions of material bodies. And 
we do not hesitate to say, that no study can be 
made more interesting to mere childhood than As^ 
tronomy. It is conversant about the earliest, the 
matest, and the brightest objects of thekr attention. ' 
u s«ffieient simplicity of language were Used, the 
nind in. childhood might be scientifically turned 
to '*die dmi sinning in his strength ; to .the Moon 
walking in brightness ; and to the stars, difieriiig 
one from another in their glories." Children in 
common schools, might h^te a. new impulse tfiren 
them, if this science were femiliarly explained &ere« 
And the time cannot be distant, whien Asttonomy 
will be taught fttfar^ as early and as generally aa 
Creography^ Then the leaves 4>f a volume, ever 
open, will be found having legible inscriptions £ot 
the husbandman as well as Uie- scholar ; and the 
shepherd'boy will again knowand sing, **Thehea« 
vens declare the glory of God." 

To facilitate this object was the design of this 
treatise. Its style wiU be found iiitelligible to 
every atitentive reader. Its illustrations, it is be- 
lieved, have more simplicity$ on isome of the more 
difficult topics of this science,! than toy other as« 
tronomical work. And while it carries forward 
the pupil through all that is important in descrip- 
tive and physical astron<Nny, (much farther than 
other treatises for schools have done,) it is afforded 
at about one half or two thir^ of their prices. 

The use of this work is not intended as a substi- 
!• 
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• PRBfACC. 

tale for sttendanee on Lectures where practieakle. 
For it ik believed that no method of teaehinf and 
learning Astronomy, is so interesting and usefol 
as in the form of Lectures, accompanied with inr 
struments and diagrams. The expression of the 
Lecturer's countenance, the intonations of hisvoioet 
and appropriate gestures, will rivet attention more 
than mere paper and ink can do : the more fixed 
our attention, the more deep and abidmg the im« 
jiressions made on our minds. 

AppAitATus will enable us to acquire ideas clear- 
ly, and almost instantly, on some topics, where it 
would be difficult otherwise to obtain them. F<Hr 
Instance, the influence of gravitation among the 

tlanets, in accelerating or retarding their motions^ 
I better understood in five minutes examination of 
in Orrery in motion, than in hours or weeks,. oi 
^rhaps months of mere reading. The use of dia* 
dRAMs is often indispensable to the acquisition of 
correct ideas in some of the sciences. The most 
able lecturers in our colleges, have in Natural Phi* 
losophy, and particularly in that branch of it called 
Astronomy, always used diagrams^ But illviii- 
K ATB9 niAORAMS are of recent invention ; and 
though considerable expense attends their use, 
Aey are incomparably superior to others. No- 
thing will so irresistibly attract and rivet our attm« 
Hon as these iUuminated diagrams. Indelible 
Hnaces of them will be transferred through the eye 
to the memory, and borne with us to our firesides, 
and to our pillows. These images will powerfully 
aid us in recollecting the facts and illustrations 
given in the lecture room. And habits of rivetted 
attention may thus be formed or invigorated, that 
will be of great utility to us in every other path 
of science or pursuit of life. 
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INTRODUCTION. 



As introductory remarks, it may not be uninteresting 
or unprofitable, to present some of the daims of Astro- 
nomy, and ^ance at its history. 

The fears which superstition has originated, and by 
which it has agitated our race, are greatly diminished 
by reoen! advances in this science. Either luminary majr 
have its light obscured by Eclipises; the Comet's lumi* 
nous train may stretch itself one fourth across the hori- 
zon ; the Aurora Borealis may crimson the sky or span 
the heavens with an arch, and no terrors be felt, where 
this science is understood. 

The husbandman is benefitted, both in seed-time and 
in harvest, by the light this science has thrown around 
him. The mariner, by its moonlight, to discern his lon- 
gitude, traverses fearlessly the bosoihs of oceans, five 
Qiousand miles from those shores, of winch he dared 
not before to lose the dght The merchant now com- 
mits to winds and waves his treasures, and expects them 
safely returned with large Increase. 

Geography has received a new contii^ent from the 
confidence of Columbus, that the earth was sphericaL 
Histoiy and chronology have had their facts confirmed, 
or their errors corrected^ by astronomiesl calculations 
carried backward. It may be safely said, that all the 
arte and sciences, allthe business and employments of 
man, have been hig^y benefitted by the advances made 
in this science. 

But its intellectual and moral influence, renders it of 
inestimable value. With a field of immeasurable extent 
to be explored, with magnitudes, distances, and motions^ 
vast and astonishing; the hitellect becomes expanded, 
and the imagination enriched by every acquisition here 
made. And the moral sensibility which can discern, 
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10 INTRODUCTION. 

and appreciate infinity of excellence, will find all its 
energies elevated and inilamed, by the ennobling and 
sublime discoveries it every where makes of the Crea- 
tor's perfections. 

HISTORY. 

WiAin a few centuries subsequent to the Deluge, As- 
tronomical observations were made in China, in Hin- 
dostan, at Nineveh, at Babylon, and in Egypt But the 
Oreeks first gave method, and body, and form to this 
science. It is even believed, that Pythagoras five hun- 
dred years before the Christian era, discovered and 
taught the outlines of the true theory of the solar system. 
If so, 2000 years rolled away before it was ugain re- 
vived. 

About 190 years after the birth of Christ, Ptolemy, an 
Egyptian Astrononier^published and defended the theory, 
which bears the name of Ptolemaic, but which was a 
mere accommodation of the science to the popular pre- 
judices of the illiterate multitude. It supposed the Earth 
at rest in the centre of the Universe, with all the other 
material worlds revolving around it from east to west 
in 24 hours, while the Moon, the planets, and the Sun 
had other motions of less regularity, but all acknow- 
ledging Earth as their centre. 

Other Egyptian Astronomers sooi^ discovered, that 
the motions of Mercury and Venus^jDOuld not be recon- 
ciled with the Ptolemaic theory. They therefore con- 
cluded these two planets revolved around the Sun, as 
their ceiltre. This theory is denominated the Egyptian. 

About the commencement of the I6th century, Co- 
pernicus taught that the Sun is the centre of all the pla- 
netary motions. Galileo, Kepler, Newton, and La 
Place, by their inventions and discoveries, have since > 
established this theory on an immoveable basis. The 
ephemeral hypothesis of Tycho Brahe, appears to have 
been invented more to allay the fears oi superstition^ 
than to subserve the interests of science. 
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ELEMENTS OF ASTRONOMY. 



eHAPTERI. 

6EKSRAL VIEW. — THE SUN. 

Astronomy is that sublime and useful sciencb, 
which treieits 6f material worlds, and is divided into 
Descriptivef PhysicaXf and Practical^ Astronomy' 

Descriptive Astronomy teaches the magnitudes* 
densities, distances, and diversified motions of the 
Sun, thfe Planets, Comets, and Fixed Stars, 
with their interesting idcbsitudes of day and night, 
summer and winter ; and 4>^tber sublime Fh«no- 
MENA in their circumstances. 

Physical Astronomy developes the laws of mo« 
tion, or the uniformity, in which .the irresistible 
energies of their Author govern the mighty move* 
ments of material worlds. 

Practical Astronomy relates to Astronomical 
Instruments and Observations, and. will be omitted 
in this elementary treatise. 
. Among the celestial bodies, the Sun and Moon 
are termed lumdnaries ; the others are called stars. 
Stars are also distinguished into planets wadfcxed 
stars. 

The Planets, though they appear like the fixed 
stars, are all opaque, or dark bodies, moving in a 
regular order round the Sun, from west to east, 
receiving light from that luminary, and shiiiin 
only by reflected light 

What is A8TBONOMT 1 How may it be divided ? What ia ete»> 
eripHte oHnmomy 7 WRat is fhyneal aatronomy ? What m 
ffiaical mttnmomy ? What are caUed luminoiriMa ? Ate all 
appartid fitUBfJUfed «tor«7 What aie planeU? 
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12 THK »vv. 

Some of liie planets liave ^atelltten x)t mooiifl. 
There is also another order, called comets^ with 
long luminous trains, which pursue very eccentric 
courses. 

The names of the planets are M^cury, VenuSf 
Earth, Ma^s, Jupiter, Saturn, and Herschel ; with 
four small ones, called Asteroids, named Ceresy 
Pallas, Juno, and Vesta* 

^ These are called primaries^ and there are also 
eighteen satellites or moons, called ^^conddries. 

The Earth has one; Jupiter, four; Saturn, 
seven ; and Herschel, six. . 

THE SUN. 

Ths Sun is the source of light and heat, and 
the centre of our Solar or Planetary S3nitem. Its 
form is nearly that of a sphere or globe. Its dia- 
meter is about 886 thousand miles,, and its circum- 
ierenite^ about 2 million 700 thousand miles. 

Some authorities make the Sun's diameter more, others less. 

Its distance from the Earth is 05 millions of 
miles. Its magnitude is more than a million of 
times larger than our own planet. The Sun Has 
generally been thought a globe of real fire, but 
some suppose it to'be an opaque body, surrounded 
by a luminous atmosphere. 

A number of dark spots may be seen, by means 
of a telescope, on different parts of the Sun*s sur- 
face. T he se consist of a nucleus^ which is much 

What are satellites 7 What are comets 7 What are the names 
of the planets and the astercHds ? How are planets and satellites 
distinfi[uished ? How many secondariu are there? and how arte 
they distributed 1 

What is the cerUre of our system 7 What arc its dimensions 7 
What its distance from the Earth 7 What its proportionate 
magnitude 7 What we'he the opinions of the ancients respectiiu 
it 7 What are those 6f some modem philo80phera7 What & 
usually seen on it through a telescope 7 
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TBI SVBT. 19 

darker than the rest, surrounded hy n miflt or 
smoke; and they are so changeable as frequently 
to vary during the time of observation. Some of 
the largest of them exceed in square miles the 
surface of the whole Earth, and are often seen 
for months together. Very rarely, no spots are 
visible. ' • 

Dr. Henchel suppose that the Bon 1b surrounded by an at- 
mosphere of a {^osphoric nature, composed of varioua^ trans- 
parent and elastic fluids, hj tiw dAMMposition of which, light is 
produced, and lucid appearance^ formed, of difierent degresf of 
inlcnBity. * Openings in these fluids are ihe»poU, 

The density of the ^uh being less than one fourth 
that of the fi&rth, it will be obvious, that with one 
million 400 thousand times the bulk of thia planet, it 
has about. ^0 thousand times as much matter, and 
its attraction at its surface is 27 times as powerful^ 
as the attraction of the Earth. For light, colort 
and heat, we are indebted to the Sun's influence. 

The Sun has tHREs motions. One motion is 
round the common centre of gravity of all the bo- 
dies, belonging to our system. Another motion is 
its rotation on its axis. And a sublimer mption 
still, is that towards the constellation Hercules. 

We infer, that it has the first motion from the known laws 
of gravitation. That it has the second motion, in a period of 
95) days, we infer from an observation of its spots, passing 
•cross its disc. That it moves towards the constellation Her- 
cules, is inferred from the divergency of stars in that direction, 
and the oonvergency of stars in the opposite direction. 

What description tain be given of these spots 7 

What is HersehePs opiiiion of the Son 7 

^hat is the density of the Sun 1 How much more matter 
than theBaithI What is its comparative attraction? For 
what are we indebted to the Sun's influence 7 How many 
motions has it 7 

What evidence that it has the first7 What the second? 
What the third 7 
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14 MBIICUtlV. 

The apparent mean diameter of the Stin, as seen 
from the Earth, is 32 minutes and 1 second ; as 
seen from a planet revolving round a fixed star, U 
would have no perceptible disc* 



CHAPTER n. 

MBRCVRT. 

Thk nearest planet to the Sun, is called Meremry* 
Its diameter is 3200 miles ; its density times the 
density of likrater, and the amount of light enjoyed^ 
7 times as great as at the Earth* Its mean distance 
from the Sun, is 37 millions of miles. It turns on 
its axis in 24 hours,, and revolves round the Sun in 
88 days ; at the rate pf more than 100 thousand 
miles the hour, or 30 miles the second. 

Though ' small, thb planet has a veiy bright appeannoe^ 
dfightly tinged with blue ; but as it never appears 30 degree* 
<jy£ant ^m the Suni, it is rarely seen. 

Both Mercury and Venus have varying phases, 
like tiie Moon, proving them to he opaque hodies, 
shining with light horrowed ft-om the Sun; and 
also demonstrating, that they revolve in orhits of 
inferior magnitude to the orhit of the Earth. 
Hence they are called in ferior planets. • 

What IS the apparent mean diameter of the Sun 7 If distant 
as a fixed star how would it appear 1 

What planet b nearest to th^e SunT What are its dimen- 
rionsl What iU density 7 What its amount of light 7 What 
is its distance ficom the Sun 1 What is the period of its rolo- 
tion ? What of its revolutioa round the Sun, and aft whaS 
xate7 

What is its apoearance 1 

What provea that Meicuiy and Vsmos an opaque bodies and 
nearer to the Sun than the Earth 7 What aie they called i 
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If the oMA of Meiciny exactly ooincided with tfco ofUt of 
the Earth, and that planet ivas always moving in the plane 
of the EcHptici; it would several timeB each year, appear «niaa* 
fog the dvK of the Sun. These would be tranaita. But aa tfaf 
ofbit of Mennty inehnca 7 degrees to tiie plane of tbeEdqitie^ 
tninsitB ean Occur only at the nodes; making from 12 to 14 
mcfa tmnaits in each century. The last occurred in Noveni> 
her, 1823. Others may be predicted IbrMay^ la^^and Novem^ 
ber, 1835. Mercury's disc appears 10 seGonda broad. Wallot 
supposes it has an atmosphere, and Schroeter calls its moon- 
tains ten- miles high. 

vpNUa. 
VtNUs M the second planet in distance from iKe 
Sun ; and mueh exceeds all the others in splendor. 
Its diameter, according to Herschel, is more than 
8000 miles ; ita density is six times that of water ; 
arid its distance from the 8iin, 68 millions of miles. 
The time of its rotation on its axis is 23} hours j 
of its revolution round the Sun, 224 days* at th« 
rate of about 84 thousand mites the hour. The 
inclination of. its orbit to the Ecliptic 3^, and of 
its axis to the plane of its orbit, is supposed to be 
75^, making its torrid zone extend within 15°, of 
either pole. The light of the Sun is twice as great 
as at the Earth, and falls on a similar atmosphere 
to our own, and on mountains, by some astrono- 
mers, considered four tidies as high, as the highest 
on our globe. 

What is a transit 7 About how many transits of Mercury 
occur in.a century '? When was the last ? When will there he 
others ? What is the apparent diameter of this planet 1 In what 
respects is it supposed to resemble the Earth 1 

What planet is the second from the Sun 7 What^is its mag- 
nStudel What its density 1 What is its distance from the Suu.7 
What is the period of its rotation 7 What of its revoludoh 7 At 
what nitethe hour 7 What hieliniition has its orbit to the EcKp- 
tic7 What its comparative light 7 What are the iRippoaed eleva- 
tions of its nKmntinhs 7 
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16 THE EAKTH. 

Venus u miiriiiiig star wken westward of the Son, ^ 
ing star when eastward ; and will continue nxnming or evening 
star, a considerable time more than half the reToration of tibe 
planet, because the Earth is moyinff in neariy a paiaM line. Its 
leask^apparent diameter is 17 seconds, and its greatest diameter 57 
seconds : pionng its range of distance from the Earth, to rasj 
from 27 to 163 millions of miles. About 35 days before or 
after itB infexior conjunction, its light is such as to cast a shsr 
dow by night, and to be visible at noonday. 

Two transits of Venus like those of Mercury, 
occur at the nodes, once in 120 years. The two 
last were in 1761, and 1769, and were of great 
utility in determiniAg, with accuracy, the distance 
of the planets from the Sun. The next transits 
wiU he in 1874 and 1882. 

This subject will be nesumed in another chapter. 

The causes why the inferior, planets sonletunes appear st»- 
tionary, and sometimes direct or tetiograde in their motions^ 
will lie easily understood by an attentive exanunatbn of Plate 
iL Figure!. 



CHAPTER ni. 

THE EARTH. 

The Earth is next to Venus, as we recede from 
the Sun. It is 7912 miles in its polar, and 7938 in 
its equatorial diameter. Its density is 5 times the 
density^ of water ; its mean distance from the Sun, 

When is Venus morning starl When eveninfr star 1 Why 
each, more than half its orbit 1 What variations in its appa- 
rent diameter 1 What in its distance ? When docs it give most 
light? 

How often aie there traniits of Venus 1 When were the hMtl 
When will there be others 1 

How will Tou account for the retrograde and stationary ap- 
pearance ofthe planets 1 

WhatarethedimensioiisofthieEafUil What is its density? 
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05ili{Uioii8 of miles ; the time of its roiatioii, nlmoisft 
{24 hours ; and of its revolution round the 9un,36&)f 
dftjB, movinr at the^rate of 66 thousand miles the 
hour. The mdination of the Earth's axis to ittf 
orhit is such/ that the Bun appear* direetly oter 
head at nooh, to the extent' of ^ degrees smd 28 
minutes on either side of the Eqvator. This oeear 
sions the Taiistions in the length of idays, and of 
the seasons ; topics which will be resumed in a 
ffttfoseqfuent chapter. 

That tito Eaarth k aglobe, Is conchiiivdy proved front each 
fine of the foUowing iu£k. A person at the K^oator, would tfip 
the nort^ polar star barely above ^he horizon, -but as he traveUed 
north, it would become more elevated till his arrival at the pole, 
when it would be immediately ovef hia head. A traveller, jouT'' 
neying due-eaet under ttie Equator, would have the Son aniv« 
at the mendian, on^ . iMUr eadjef for every 1040 miles over 
which, he travelled. The ea^h has been frequently drcum- 
nav^ted. A ship going out to sea, hite its hull, or lowest part, 
(fisftppear flrst, demonkrating that' the ocean is convex, as seen 
«tttobottoai0rPlateTil l%e shadow of die Earth in eclipae* 
0f Urn moon, . is always drci^ on every side. The other 
planets are known; to, be sitoical. Matter, in the rain drop 
and in the world, tends to this form. 

The connection between the rotation of the Earth on ita axis, 
and its spfaereidal fimn, or ^retter equatoml, than polar di» 
aowter, wul be discussed in I^yiical Asii^liomy. 

Tn£ MOON. 

Thi; Earth has one satellite, the Moon. Its dia- 
meter is about 2180 miles, its density,, like its pri- 
mary; its mean apparent diameter 31 i minutes; 



! distance from the Sun 7— the time of its rotation 7--of ita 
revolution?— and its hourly rate? What distance from the 
Equator is the Sun ever vertical 1 For what will this account T 

By what 7 araruments can it be demonstrated, that the Bartl] 
ia a globe? What is the 1st ?— the 2d ?-the 3d ?— the 4th 1 
the Kh?— the 6th ?— the 7th ? 

What is the magnitude of the moon t What is its densityl 
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and its meAn dutance from the Earth about MO 
thousand miles. 

It turns once on its axis in 27^ days ; the period 
in which it rerolver once round the Earthy in a di« 
rection from west to east, and once a year it accom- 
panies its primary round the Sun. The Moon is 
a dark body, shining only by reflection. This is 
proved, frqm its vamng phases, and its eclipses; 
topics to be resumea in a future chapter. 

Light is unequally reflected from diflerent parts 
of the moon's disc, as riewed by the luiaided eye. 
When examined by a telescope of high magnify- 
ing powers, the cause of this inequiility becomes 
obvious. The surface of the moon is highly diver* 
sifled by mountains, precipices and plains. The 
location of hundreds of these, has been ascertained, 
and names assigned to them. As the moon always 
presents nearly the same side to the Earth, and has 
an atmosphere only 1} miles high, the moimtyns 
and cavities can be measured. I^e a beautifu^iand 
ficcurate telescopic map, Plate i. Figure 5. 

Sehitwter, makM the highest mouiitaiii mora than flie miles 
hwh; and the deepeit eavitv iiine than 3} miles deep^ and 40 
nmee in diameter. Hereehef roakea them lets. The mora even 
parts, or phdns, are the darkest Thouffh some of them have 



the names of seas given to them, it is doubtfbl whether netm, 
or even large lakes, exist there. Water nvny exist in small 
Quantities. Some of these pfadns have conieu hills rising in 
them, with dicnkr cavities near thesommits. Many of the 
highest mountains appear to have been voleaaoesk and a few 
■le considered such at present Dr. Heischel saw three which 

What its apparent diameterl What is its distance firom the 
Earthl How is it found to be an opaque body 1 What occasions 
the inequality of liffht reflected from its surfece? What is the 
height m its atmospnere 1 

What isSchroeter*s estimate of the height of mountains and 
depth of cavities On the surfoceof the Mooni What other 
fiios can you state 7 
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be eoiukleied volcanic, and one of tlieiii in a itate of eraption. 
The eoenery theie mmt be Teiy mmentac, and aoiiie of the 
leeks and pncipioei^ tremendoudy tenific 



CHAPTER IV. 

MARS. 

NszT without the orbit of the Earth, is the orbit 
of Mars* Hence it is called a superior planet. Its 
diameter is 4444 miles, its density 3 times the den*^ 
dty of water, and its distance from the Sun, 144 
millions of miles. It turns on its axis in 34^- hours, 
and performs a revolution round the Sun in 687 
days, or less thaii S years. Its torrid zone, extends 
itbout28 degrees each side of its Equator. It moves 
above j50 thousand mile# the hour, and enjoys about 
half as much light from the Sun, as the Earth. 

Man has an uncommonly led appeannee, wMch u ooea* 
sioned by the great density of its atmospheie. This aooonnts 
fcr the mounfauis not being visible, as in the planets Venus 
and Meicuiy. But the accumulation of whiteness at the pole^ 
from which the Sun's nys are withdrawn, is indicative oiynoM' 
Etudes in seasons, similar to those on the Earth. See telescopic 
afipearance of Mans Plate L I%ure 3. Mars, in conjunction 
with the Sun, is 339 imllions or miles distant ; when m oppo- 
^tkm only 49 millions of miles. Of course, it will vary horn 9 
seconds to SO seconds, in ito apparent diameter. The angle of 
its orhit with the Ecliptic is about 3 degrees. 

Why is Mars called a mipmor planet? Whatnitsma|^nitttde7 
— 4ts density T— its distance from the Sun 1— the penod of its 
rotation'? and its hourly ratel What is the extent of its torrid 
Bone, and its comparative amountof Usht 1 What is the color ol 
Man t and what its causel and what its consequences T What 
variations aie there in its {wlar appearances 1— in its<fistanoe9 
^•-•nd in its appanBtmagmtuda. 
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ASTEROIDS. 

Since the nineteenth century C6tiimenced« tetm 
very small planets have been discovered, between 
the orbits of Mars and Jupiter. Their names are 
Ceres, Pallas, Juno, and Vesta. 

Their real maghkudes are liot yet accurately 
ascertained ; they are estimated from 80 miles, to 
SOOO mijes, in diameteri Probably neither of them 
is 1500 miles in diameter. Their density is some* 
thin^ more than tivice the density oiPwa-ter. "nieir 
m^n distances from the Sufi, viAry fritfh 28B iniU 
lions, to 266 millions of miled. Th^ )i^ht ^tr|oye4 
aft <hehi, about one ninth as great fts nt th« feArfh* 
Oae performs its revoltrtion in* less than 4 yteAi*i't 
another in 4 years And 4 months. '- T^t^petio^ 
tifidr revolutions with^ oiily 1 Adi'fii variation*, 4 
years, 7toonth8, md 10 days, and It dajrs: TWp 
of thfe Asteroidrf have theit oltits much iii\oi»e' itt- 
clined tb the' £4*lit)tic, and comrp^raifv^^lji^ Ukudl ' 
more ecceatric, thaji other planets. 

Their nodes, anci their points of nearest approach to the 5?ttn, 
being in the aame gehend direction ih .the jbeavens, togietheif 
with their apparent irregularities, have origiiiat^ theTiypo- 
thesis that they have once been a single pknet. The great 
atmospheres of two are conjectured to nave been derived from 
the Comet of 1770/ the disappearance of which is supposed to 
be otherwise unaccountable. In the Tabular vie^^, the latest 
estimate of two of them , is from Schroeter, the sp^allest from 
Herschel. 

When were the Asteriods discovered 1 What a*e th«Jr 
names? What their liiagnitudes '?— densities l^-^dj^tanciei from 
the Sun 7— and periods of revolution 1 

What facts are supposed to favour the tiypothesis, tbat thej. 
once coBstituted but one planet 7 What is thought of tihe a& 
mospheres of two of thorn? 
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CHAPTER V. 

JUPITER. 

Rbcedino from the Sun» we next arrive at 
Jupiter, the largest of the planets; with an ap- 
parent diameter of about 40> seconds, and a real 
diameter of more than 89 thousand miles. Its 
density is about H the density of water ; it turns 
on its axis in less than 10 hours, and revolves 
round the Sun in less than 12 years, at the dis- 
tance of 490 millions of miles. Compared with 
the Earth, it has nearly 14 hundred times as much 
bulk, and about 300 times as much matter. The 
velocity with which it turns on its axis, must oc- 
casion an apparent motion of the Sun and stars, to 
orgfans of vision like ours. 

The inclination of Jupiter's orbit, to the plane of 
the Ecliptic, Is very small ; and the Sun is constantly 
vertical at its Equator, allowing no variety in the 
length of its days, and little vicissitudes i^ seasons. 
The amount of light enjoyed there, is about one 
twenty-fifth part of what is enjoyed at the earth. 

Light diminishes) as' the squares of the distance increase. 
Call the distance of the Earth from the Sun, one part in five, 
of the distance of Jupiter. The Asteroids are about three pacts 
of this distance, and three times three are 9, therefore, th^ 
have one-ninth of the light of the Earth. Five times five are 25, 
therefore, as Jupiter is five such rarts distant fiom^the fountain 
of lightf it has only one twenty-fifth part as much light by day 
as the Earth. v. 

What is the apparent diameter of Jupiter 1 What is its real 
diameter'? What is. its density?— its distance from the Sunl 
— the time of iiis rotation? and of its revolution? How much more 
bulk than the Earth ? and how much more matter ? What efftcta 
wsuh from the velocity of its rotation ? What from a constantly 
verticil Sun at its equator? What amount <^ light does it enjoy T 

At what rate does ligrht diminish ? How can you illuntrute 
this? o J 
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The quick rotation of Jupiter on its axiSf is con- 
nected with its being much flattened at its poles. Its 
disc, when seen through a telescope, is diversified 
with alternate streaks of light and shade called 
belts ; as seen in Plate i. Figure 1. These vary 
their size and position so rapidly, as to lead to the 
opinion, that they ate occasioned by clouds in its 
atnfiosphere, formed in regular strata by the velcK 
city of its diurnal motion. . 

SATELLITES OF JtTPITER. 

Jupiter has four satellites <h: moons. Two of 
them are estimated as nearly the magnitude of the 
Earth,, and two as larger!. Their densities are like 
their primary. The times of their revolution vary 
from H days to IQA^ days. 

. Three of them revolve sq near the plane of the 
primary^s orbit, as to eclipse the Sun, and to be 
eclipsed, to eyes» on Jupiter, at every revolution* 
The fourth revolves without an eclipse one time 
in three. Galileo, when discovering them, by a 
telescope of his own invention, little more than 
two centuries ago, doubtless had no conception of 
the eminent utility to mankind, of that discovery. 
Frdm their eclipses, longitude can be accurately 
computed, and the difficult problem, of the rate at 
which light moves, mathematically demonstrated. 
From the periods of their revolution, the density 
of Jupiter can be estimated, and the correctness 

Is Juj^iter more spheroidal than the Earth? Why ? What are 
fleen on its disc 7 wliat is the supposed cause 1 How man^r satel- 
lites has Jupiter 1 What are their magnitudes'} — densities')—* 
distances from th^ primary 1 What mioses result from their 
motions') By whom were they discovered? What advantagiBs 
have resulted from their discovery 1 
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of Keplei^is rulfe, for computrftg the distahces of 
tfc planets ffom the Sun, clearly prorcdV 

The mein ^i^anoe of Jupiter's sftfeltites from Itieir pi^mai^) 
Kid tbeir penols oCreToliitiDn, are wfdl9vm The^ti uftwv 
bvmlsed and flUty-^ix thoiuand miles distant, and i«tolves, io 
one day and eighteen hours. The second is four hundred and 
twenty thousand miles distant, and revolves in three and a hatf 
da^W) the ^kifd and largest is six hundred mnd vevcmty ^hov^ 
«ita4 uikB distant, and revolves in «iven dayif itie/oiMhm 
move than a miUion oi^xailes distant, and revolves in aixteen and 
a half days. The angles which their orbits make with the jiri- 
ihary, as seen ftom the Earfli in its mean distance from Jupiter, 
tie fiobi 'four minutiis, ti^ seventeen «nd a half nannies j «bMt 
hatf 4be iRppttf?nt di^metir of the Mood's dise. Suppece m 
eclipse o( (me pf these satellites, is accuratelv predicted to he 
•een in the meridian of Greenwich, England, precisely at 
t#elve o'clock at noon, and an observer near Philadelphia, sees 
it piiBciafely Ht toven o^elodt iii the morning, hy m watek set lb 
tbe meritaan of that city, he then km>^^ that PhiladelphU «l 
75 degree^ west longitude from Greenwich, because the meri* 
dians of the two places; are found to vary five hours. Suppose 
ttA ^lipee of one of these satcfflites^. compute with perfe^ae* 
cdracy, if seent from the Sttn. Now if tthe- Eatth *wefe dinsctly 
between ^Mi;Sun ^nd J[uj»iter, tha,t ecl^ea would tet^^unate eight 
minute sooner than predicted j or if the Earth were -exactly 
6n the opposite side ef the. Sun from Jupiter, it Tvould terminate 
eight minutes later Itiltn predicted'. These facts wbuld provW, 
that light coming aornis the irhele diameter of the j£aith*0 
orbit, occupied sixteen minutes ; and knowing that distance to be 
one hundred and ninety millions of miles, the velodty with 
which light moves, would be found to be nearly two hundned 
thonsand niiles the second. ' 



CHAPTER VL 

SATURtr* 

HiwiF a century ago, Saturn was tho remotest 
piaiiet from the Sun, which had heen discovei^d ; 

Row distant from the primary, and how long the period of 
the revolution of Jupiter's 1st satellite 7— 2d satellite t-^Sd sat- 
ellite 7 — 4ih satellite 7 What axig-lcs do their orbits make as 
seen from the Earth 7 How can Longitude be learned by their 
eclipses 7 How the velocity with which light moves estimated 1 
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and from its splendid appendages, it is still an olgect 
of intense interest, to the scientific observer. Its 
apparent mean diameter is 18 seconds; and its 
real diameter is 79 thousand miles. Its density is 
about half the density of water, making abot^t one 
hundred times as much matter, and nearly one 
thousand times as much bulk in Saturn as in the 
Earth. Thus far the densities of planets diminish^ 
as you recede from their centre of motion. Sa- 
turn turns on its axis in 1(H hours ; and requires 
almost 30 years to complete its . revolution round 
the Sun, at the distance of 900 millions of ndles, 
and moving 22 thousand miles the hour. 

At its equator, it has more than 25 thousand 
days in one of its years ; at its poles, but one day* 
and one night The orbit of Saturn inclines to 
the Ecliptic 2i- degrees^ and its axis has an inclina«> 
tion to its orbit, which makes the Sun shine ver- 
tically 30 degrees on either side of its equator. It 
is more spheroidal than Jupiter, and receives about 
one ninetieth part of the light enjoyed at the Earth* 
Infinite wisdom and benevolence has, however, 
wonderfully compensated for this deficiency. 

Saturn's APPENDAqiEi^. 

Two remarkable rings, encircle Saturn at its equa* 
tor. The outermost, is more than 200 thousand 
miles in diameter, and about 7 thousand miles in 
breadth, towards the planet. A space occurs be-* 

What planet b next wUhota the oiiiit of Jupilerl What is 
Ha apparent (i^ameterT^ta real dtameterl—density ? What i» 
the period of its rotation 7 — reydutionl What is its distaxice 
from the Sun 1— its velocity the hour? How near the EcliptM 
Is it always seeni How broad its torrid zone 7 What amouaf 
of light? What remarkable appenda^ has Sataml What is 
the Sameter of the outermost ring)— Its breadth 1 
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tween that and the innermost ring, of less than S 
thousand miles, and that second ri^g is nearly 20 
thousand miles in breadth, leaving a space between 
it and Saturn, of something more than 30 thousand 
miles. They are rounded at their edges, and extend 
north and south, about 4500* miles, and are sup» 
posed to be equally dense with the planet, «ad ta 
revolve around it in about lOi hours. 

Grsmi iiiequaiities are observable m different paiti of tha 
ringe, which La Place considers as contribiitiiig to rendv their 
moHoiM more stable than they would otherwise he. 

Besides the rings^ seven satellites attend Satom; 
The nearest revolves in about 2^ hours, at about 
47 thousand miles distance from the Hargest ring. 
The remotest is more than 2 millions of miles dis- 
tant from the planet, and revolves in about 80 days. 
The other five,' at intermediate distances and pe- 
riods. Their magnitudes are various : from four 
times the magnitude of our Moon, to about the 
magnitude of the 'Earth; atid their densities are 
like their primary. 

An engraving of Saturn will be found on Plate 
i. Figure 7. 

Organs of YMon Eke ours, ei^oying a cloudliEM winter t 
m^ sky in Saturn, would behold as sptendid and i 



a scene^ as our imaffination can well fiNrni in a pbyaoal uniireiat. 
But such organs ofvisbn there, wouki be unable to discern tha 
Earth without a telescope. * There is not, perhapi^'* says Dr. 

What is the breadth of the innermost rings? What is thflfar 
supposed thickness 7 What is the period of thdr rotationl 

What inequalities are discovcraok in the rings 1 What is 
the utility ot these inequalities 1 

How many satellites has Saturn? What is the period ia 
which the nearest revolves 1 What is its distance from one ringl 
In what period does the moA remote satellitetevolv« ?-«# s^lnt 
distance 1 What are their magmtudes 7 — densitaeal 

Uow would the evening sky appear in Saturn. 

* liencksl, as quoted by BonnyoMillal' 
3 
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j^^ncbf^ " inot^ier obj«ct in 4be heavens thjit prewnte v» wkh 
^uch a variety of extraordinary phenomena as the planet Sa- 
turn ; a magnificent globe, encompassed by a stupendous dou- 
Me ling; attend by'sevenaatellites; ornamented vdth equa- 
torial ^eks I compresaed at the pote ; turning on its axis ; 
mutmdly ecUpsing its rings and satellites, and edipsed by them ; 
fhe most distant of the rings. also turning upon its axis, and 
the same taking place with the remotest of the satellites; aO 
Che parts of the system of Saturn occasionally reflecting tight 
to each other ; ^le rings and the moons iUnniinating the nighta 
tif theBatuxhiaa ; the globe and the satellites enlightenmg the 
iuH^ parts of the rings ; and. the planet and rings throwing 
hack tne Sun's beams upon the moons^ when they aie deprived 
oC the|l^ at the line 4»f their conjunction.'* 



CHAPTER VII. 

H£R8CHEL. , 

In 1781, a new planet was discovered by Heir^ 
ftch^I^ whose name it deservedly bears. It is Iik« 
^ ata^ oif the sixth magnitiide to the naked eye, and 
^^^T^H slightly tinged with blue. Its apparent dia* 
meter is only 4 seconds, and its real diameter 35 
til0iliap4 mileii. Its density is equal to water. The 
time of its rotation unknown, but its period of revo- 
lution round the Sun, is almost 84 years, at the vast 
distanee of 1800 millions of miles. It moves at the 
ittte of about 15 thousand miles an hour, and re- 
ceives from the Sun only one three hundred and 
sixtieth pan of the light the Earth enjoys. 

-ft has before been intimated, that light and caloric seem not- 
ta he governed by the same laws. It cannot therefore be known, 
what amount of neat and fertility exist in any other planet but 

When was Herachel disctrvered 7 What is its apparent dia- 
meter ?--reaI diameter?— dens^l-rperiod of rotation? — revo- 
hitioik V-rate the hour t— -distance from the Sun ?— compaiiatiye 

Are light and caloric governed by the same laws? What. 
liypDttieiis reqpfctii^ U|e in other planeta is Uob^ introduced ? 
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the Earth. Lifis, ac^pted to its location, and analogoui to ^Feg«- 
table, amma], and intellectual life, on the Earth; though entinly 
diverse in most of its dicumstances from life here ; may exist 
in other planets^ and be immeasureably diiili^ in the mateital 
universe. 

HER8CHEL> SATELLITES. 

Six satellites attend the protracted journey of 
this most distant planet which has yet been disco- 
vered. The nea.'dst, is about as remote from Her* 
schei, as the Moon from the Earth, and performs 
its revolution in between five'and six days. The; 
most distant is 1 j- millions of miles fW)m its pri-- 
mary, and is 107 days in performipg a revolution.. 
Thieir densities are sujpposed to be like that of Her<i 
schel; but their orbits, unlike the orbits of all the', 
other satellites, are nearly at right angles with the 
orbit of the primary, as though our Moon were to 
revolve from south east^ to nortii west, roimd the 
Earth. 

Doubtiesfl, these satellites exhibit the Creator's wisdom and 
benevolence, fike his other lyorlu. The &ct, that they may be re- 
volving in a wav to have some of them alvmys above the homo^ 
and amays half (Oitightened as seen at ilersche]^ misht create 
more admiration in us, if we more minutely knew th£ dieum- 



'Fhe scale on the frontispiece^ divided into 200 part% sives 
about the proportionate distances of planets, without toe luj^ 
enumeralion of figures. Perhaps other planets, and some moie 
distant than these, niav yet be discovered. 

Tabular views c of the solar system and of the satdlitee afe 
subjoined. For the sreater densities of the Earth and the Mooa, 
than has cqm]|i04ly heen asngned them, we have (he authority 
of Playfiur,' Cavendish, and BakewelK 



How many satellites attend Hcrschel 7 What are the i 
of theif distances 1 What i|xe their periods of levohitkm 1 Iio# 
does their revolution differ from o^her satellites 7 

FF^era Tables are introduced iu thia toork, the c^ ti i mu ^ 
ike differeni columns^ t»ill wugjgest appropriate qumticm is 
Instruetert and oihert^ 
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TABULAR VIEW 6t THE SATELLITES. 



Jupiter's satellites. 



No. of the 

saielUtos 
reckoning 
from the 
primary. 



First 
Second 
Third 
Fourth 



Period of re- 
vohition on 
its axis and 
romid its 
primary. 



d. h. m. 
1 18 38 
3 13 17- 
7 3 d9 
15 18 6 



Mean distance 
from hs.pri-* 
mary in thou- 
sands of miles. 



366,000 
4t>d^00D 

1,180,000 



Mean ap- 
parent 
distance. 



6 14 
17 



SATURN'S eAT£LLIT£6. 



Fii^ , 


2t4 37 


ioV,otto ' 


W ' 


Second 


1 8 53 


135,000 


8?, 


Third 


1 21 18 


170,000 


43 


Fourth 


2 17 41 


217,000 


' «l 


Fifth 


4 12 a* 


soaooo 


1 18 


S^xth 


16 22 41 


704^ 


3 10 . 


Seventh 


79 7 48 


2,050^0 


9.42. . 





HERSCH^e'S SATELLITES;' 




First 


5 21 25 . 


230,000.. 


■ • f ^ 


Second 


8 16 S7 


. 298,000' 


Third 


10 23 2 


348,000 


as 


Poiirth 


13 10 56 


399,000 


. ' U ■ 


Fillh, 


38 1 48 ^ 


.746,000 


I sa 


Sijcth 


107 16 39, 


1,597,000 1 


3 66 



There is great inequality, in the amount of lighlj^ihit-^ 
ted by different eatelUtes, of the same primary. Those 
planets and sfttellJtee ntost remote (Voiii the fiunj/Maj^ 
^course, be expected to reflect light, lii a leS9Tivii' 
and palet manner than those more near: » 

3* ■ .■ ■ 
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CHAPTER Vin. 

COMETS. 

Th£ ancients considered c6mets,a8 supernatanl 
and ominous app^arinces in the heavens. Modern 
discoveries in Astronomy, haveproved, that comets 
are bodies governed by kindred laws, with the pla- 
nets. But unlike planets, all of which revolve from 
west to east round the Sun, comers revolve in every 
direction, and in orbits so extremely elliptical, that 
they continually intersect each other, and the orbits 
of the planets: Science, while it liberates from the 
fears of superstition, leads to the conclusion, ihieLt 
it is possible for a comet to approach inconveniently 
and fatally near, to the habitation of man.* The 
number of comets is supposed to be nearly 500 ; 
the elements of only 100 of which have bi^en com- 
puted* Commonly they have a small solid nucleus, 
surrounded #ith aqueous vapor; and usually accom- 
panied br a luminous transparent train, always in 
an opposite direction from the Sun* 

Ncwfcm iappond that the beads of the comets were exceed- 
ingly dense niatter, that migfat .be laieed to a heat 3000 times 
glSater thAtt fed hot iiDn, and the t win was vapor or steam 

What wen Ihe opinions of the ancients respecting comets? 
Bj what kwtf are thej goternedl How do their orbits and 
notions diflfetflomflioee of planets 7 What event b named as 
potato? If a comet revolved exactly in t^e plane of the Ec&p* 
lie, how manychaaees to oneacainat a oontnct with the Earthi 
How many oometo are supposed to belong to our system 1 By 
what afe they attended 1 

What hypotheses have been started respecting their heads? 
—and theu- luminous trains 1 

^ If a oomet refvelvitd in the plane of the Ecliptic, there would 
bs BiOTO than 36^000 chances each revolution againttita coming 
in contact with, the £aith, to one chance that it would touch 
onrpluMt But as no comet is known to revolve exactly m the 
pIsM of dMSd^ Um dviger is tnesksulably leak 
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Umu produced. These ppioicms, canaoi be defeikled. Odwif 
have guppoeed, that the nudeus of the comet is trnispaient, and 
ravs of the Sun, tinged by passing through it, become visible. 
This would account for their tails being amays opposite to the 
Sun.^ But a recent and still more probable theory is, that the 
tails are the electric fluid, passing on* like the aoronboieaUii.^ 

Th£ magnitudes of the comets are various ; and 
the periods of their revolution, are from 40 months 
to more than 575 years. 

The soUd nucleus of the Comet of 1807, was estimated at 589 
miles in .diameter, while it was surrounded with a mass of 
aqueous vapor, supposed to.be nearly 300 thousand miles in 
tUameter, and attenited by a train more, than 9 millions of miles 
in length. The Comet of 1811. had a head very imperfectly 
define^ ahd a tall 80 millions of miles in length, as seen in the 
northern hemisphere, and still more as seen in the southern 
hemisphere. The tails of some comets have subtended an 
ai^, 01 60, or 90^ or even 104, degrees in the heavens. Thie 
splendid Comet of 1744, known in the traditions of New-Eng' 
land as the great blazing star, was supposed to have a head as 
kige as Jupiter. Comets have had an apparerU magnitude 
fioia that of Venus, to six tiines that magmfude, and a few have 
appeared nearly the size of the Moon, uough with a move dim 
And dead light Of the 98 comets, the elements of which have 
beep computed, 24 have their perihelion, or nearest approach to 
the Sun, within the orbit of Mercury; 33 between the orbits 
of Mercury and Venus; 21 between V^us and the Earth; 16 
between the Earth and Mars ; 3 between Mars and Ceres ; «nd 
i between Ceres and Jupiter. The Comet of 181 1 did not ap- 
p^oaeh at' its perihelion, nearer than 95 millions of miles from 
the Son, and was more than 140 millions distant from the Earth. , 
The Comet of 1680 approaches within 300 thousand miles of 
the Sun, and recedes 7 times as distant as Hefschel. At its 
perihelion, it moves with the astonishing velocity of more than 
800 thousand miles the hour; at its aphelion less than two 
miles the hour. The correctness, of the estimated elements, of a 
very few ouly of the comets, has been proved by the actual ap- 
pearance of these bodies, when predicted to ap{>ear. *' The 
immense distaiioes to which these bodies are carried, and the 

What is said of the magnitudes, and periods of revolution <^ 
flome 1 What fiiurts are given respecting the comets of 1811 1 
—of 1744 7-of 16807 
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Cdnpiuratively nmll portions of thehr orbits Which come under 
(Nir UUqpeetkm, as well as their imperfect nnde^ned appearance 
m tlie telescope, and the great interval of time which elapses 
between their reappearance, are impediments which nothing 
but time and the most accurate and diligent observations can 
remove ; and therefore many ages must necessarily elapse before 
the theory of comets can be bnxuht to perfection. Every thing, 
however, that ingenuity and industry caniteoomplish, maybe 
expected from astronomers of the present day, whose diligence 
and accuracy have led them to many interesting discoveries^ 
and to whose future perseverance we may conficfentty \ook for 
others equally important" . Bonn^feaaile, 



CHAPTER IX.* 

THE tlXBV STARS. 

From the evening of the sixth day of the ctea* 
tion to the present hour, the stax^y heavens innst 
have been objects of intense interest, to the inquip 
sitive mind ot man. The ancients considered them^ 
luminous points in a vast concaVe sphere, which was 
revolving from east to west round the Earth in 2i 
hours. A slight observation convinced them that- 
some, which appeared to be stars,, changed their 
positions ^mong the others, or wandered; they 
were therefore called planets, or wanderers. Those 
keeping their positions from month to month were 
called Fixed Stars. The number of these, visiJ 
ble to the naked eye, in one hemisphere, is about 
1000. An equal number may be seen in the 
opposite hemisphere. 

How were the starry heavens anciently regarded? Why 
were some apparent stars called planets 1 About how many 
fixed stars are visible to the unaided eye 1 

* If any Instructer, thinks the subject of the Fixed Stars 
shoidd be tat^ht later in the ooun^ tlus chapter can be ^jekr- 
red, and resumed afierwiids. 
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Indistinct gfauioes at the stars, often leaye the impifMm that 
several thounnds may be seen at once. But minute and cai»- 
fill' surveys will correet this error. The Fixed Stan are easily 
distinffuished from the steady light of the planets, by their 
scintillation or twinkling. 

It is highly probable; that grouping the stars 
into constellations, wfts done by the ancients, partly 
for the purpose of perpetuating important events 
in sacred and profane history, and partly to sub- 
serve their convenience of classification. Some of 
these constellations are yery ancient, as their 
names are found in the most ancient writings 
ettant. Perhaps the Ship and the Raven are of 
Hebrew origin ; while Hercules, Andromeda and 
others, undoubtedly originated with the Greeks. 



PStient surveys of the toumber and positions of the Fixed 
Stars, have been made by Hipparchus, Ptolemy, Tycho Brahe. 
Heveliiu, and Fhunsteail, afiording interesting oppinrtunities of 



comparing ancient and modem observations. 

The ancieiit constellations Amounted to but 48. 
Modern catalogues have arisen to between 00 and 
lOD. I shall use a list containing 93 constellations, 
where the humber of stars in and near each, is 

given according to Flamstead. Seven or eight 
undred stars are inserted, too small to be seen 
without a telescope, leaving from 2000 to 2200 
visible to the naked eye. The stars visible with- 
out a telescope, are divided into six classes. The 
largest, are called stars of the tst magnitude ; the 
least, stars of the 6th magnitude. There are about 
17 of the 1st magnitude, 50 of the 2nd magnitude, 

Why are we liable ti> misjudge respecting their number? 
How may they be distinguished from planets 1 

Why have the stars been grouped 1 To what Nations are 
some of them obviously to be traced 1 Who have minutely sur- 
veyed themi How manv ancient constellations 7 — modem 
onesl Into how many classes are the stars divided 7 
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150 of the 3rd magnitude, and the remainder are of 
the 4th, 5th and 6th magnitudes. 

A LIST OF THE CONSTELLATIONS. 

" ' r ' . ■* : ' ' " ■ ;" -^-^ •-■ ' - ■•'■ - •'••• ■ ' ■■' • —"- ■ ■ .1— 

EODIACAL CONSTBLLATXOIVS. 



■ ■ ' \- •'■ 

Names of the Conatellalions. 




Pftncipal Stiffs, 


Arieg, The Ritm 


66 


Arietis 2 
(Aldelianuil 


Taurus, The ^11 


141 


I Thp Pleibdes 
(The Hyades 
J Cantor 1 
} Pollux 2 


Gemini, The Twins 


85 


Cancer, The Crab 


83 




Leo, The Lion 


95 


(Regulus 1 e^ ^ 
) Lion's Heart 


Viigo, The Virgin ^ ^ 


110 


4 Spica Vii^iiiis 1 
) VendeBHatrix d 


Libra, The Balance 


51 






44 


Antai^s 1 


Sagittarius, The Archer 


69 




Capricorous, The Goat 


51 




Atiuarius, The Water-bearer 


108 


Scheat 3 


)»lj.npA, The Fif^hea 


113. 





THE NORtHBBN COKSTKULATIOSS. 


yames of the ConMeUatunu. 


'^•i 
u 


. 4 fiH^pd* mO^Sm <• 


Vtm Minor, The Little Bear 
Ursa Major, The Gn»at Bear 
CasMopeia, f^dy in the Chair 
Perseus, Pentpus 
Auricra, The Wagoner « 
BodtM, Th^ Bear Driver 
Draoo, The Dragon 


24 
87 
55 
59 
66 
54 
80 


Pole Star 2 
Dubh* 1 ■ 
Schedar3 
Algenib 2 
Capella 1 
Afcturus ,1 
Rastaben ^ 



How many eontteHalkins ar« there in ttie ^edlacl 
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THE NOKTHERir COK6TELLATION$ (^COnttnited.) 



Names qf the ConstellcUione, 






Principal Stars, 



Obdiibcu - - ' - 

Canes Venatici, The Greyhounds 
Cor Carcti, Charles' Crown 
Triangulun^ The Triangle 
Trian^um Minus, Hie Ldsser \ 

Triangle j 

Musca^ The Bee 
Lynx ' - 

Leo Minor, The Little Lion 
Coma Berenicus, Berenices Hair 
Camelopardalus, The Camelopaid 
Mons Menelaus 
Corona BoreaGs^ The Northep I 

Crown 5 

Serpens, The Serpent 
Scutum Sobieski, The Shield ) 

ofSobieski | 

Hercules cum Ramo et CaibO] 9 

Hercules kneeling. y 

Serpens sive Ophiuchus, ' Ser- } 

pentariu» ^ *~ 

Taurus Poiuatowski 7 

Vulpecula et Anser, The Po? > ^ 

and Goose ( ^' 

Lyra, ^he Harp 22 

Sagitta, The Arrow > 18 

Aquila, The Ea^ 40 

Delphinus, The Dolphin .18 

Cygnus, The Swan 73 

Equ ulcus, The Little Hdrse 10 

Lacerta, The Lizard < 16 

Pegasus, The Flying Horse 85 

Andromfeda ... gg f 



AlderaininS 



Ras Al^tha 3 
Has Alhagus 3 

Vega I 
Altair2 
Deneb Ada^ 1 



Markab 2 
Almaac 2 



How many oonsteUations are there m ib» xiortbem hemw- 
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THE 80UTHBBN COKSTBLLATXOMS. 



Nam^ qfthe OmateUationB. 



Phcenix, PhoBiiix 

Officina Sculptoris, The Sculp- ) 

tor»8 Shop \ 

Eridanus, The River 
Hydftis, The Hydra 
Cetus, The Whale 
Fornax Chemica, The Pumace 
Horologium, The Clock 
Reticulug Rhomboidalifl, The^ \ 

Rhomboidal Net \ 

Xiphias, The SWord Fish 
Ccela Sculptoris, or Praxitelesj ) 

The Engraver's Tool \ 

Lepus, The Hare 
Columbia Noachi, Noah's Dove 
Orion, - - - - 
Argo Navis, The Ship Argo 
Canifl Major, The Gfi^eat Doff. 
EquuleuB Pictonius, The Pain- ) 

tor's Easel ~ { 

Monoceros, The Unicom 
Canis Minor, The Little Dog 
Chamtelon, Chameleon 
Pixis Nautica, tl^e Mariner's ) 

Compass ^ 

Piscis Volans, The Flying Fish 
Hydra . . 
Sextans, The Sextant 
Machina Pneumatica, The Air ) 






Pump 
Crater, the Cup 
Cbrvus, TheCiTJW 
Crux, The Cross 
Musca, l^he Bee 
Apua, The Bird of Paradise 
Curcinus, The Compasses 
Centaurus, The Centaur 
Lupus, The Wolf 



Principal Sian, 



Achemar 1 
Menluur2 



Betelgeuse 1 
C^nopus 1 
SiriusI 



Cor. Hydr» L 



AlkesS. 
Algoiab 3 
Crucisl^ 
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THE SOUTliEBK C0N8TELLATI0NB (jlXmtinued,') 


Names qf the Constellaikms, 




P^neipai SUuTM. 


Q,uadra Euclidis, Euclid's Square 


12 




Triangulum Australe, Southern ) 
Trmngle \ 


5 






Are, The Altar 


9 




Telegcopiom; The Tclescppc 


9 




Corona Austral w, Southern Crown 


12 




Pavo, The Peacock 


14 




Indus, The Indian 


12 




Microflcopium, The Microscope 


10 




Octaug Hadleinaus, Hadlcy's } 
duadrant y 


4^ 








Cms, The Crane 


14 




Toucan, American Goose 


9 




Piscis AuBtralis, The Southern ) 
Fish \ 


20 


Fomalbautl 



-The diotances of the fixed stars deserve consi** 
dei*ation ; for though the exact distance of SiriuSf 
supposed to be the nearest, cannot be given, it can 
be proved that it must he more than 200 thousand 
time^ as distant as the Sun. 

'That the fixed stars are very distant, is obyious from these 
facts. Seen thro»i<Th a telescope of 200 magnifying power^ they 
seem less than to the naked eye. Increase the magmfying 
power of the glas^ they are still but luminous points, while 
the. planets dtaclose broad, discs, which can be measured ; and 
satellites before invisible. Again, the Earth's place the 33rd of 
September, is the whole diameter of its orbit distant from where 
it^ was the 20th of Mdfch, but the nearest fixed star is too re- 
mote to have that 190 millions of milet, mftke any appattnt 
change in its direction, and such change would be perc^ptiUi^- 
if the star were not more than 200 thodsand times tae distanwi 
of the Sun. 

How many constellations in the southern Bemisphere? Wh«t 
star* is supposed to be the nearest h ttow distant must It he!!? 
What-poofcan you give, thatthe titers are 900thiaiuiMi4 tim^ . 
more custant tlian the Sun 7 
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The conclusion becomes unavoidable, that the 
fixed stars shine with unborrowed light ; that they ' 
must be vast luminous bodies like our Sun ; and 
that they may be centres to retinues of planets 
and comets, as numerous, and as full of beauty and 
of being, as those in attendance on our Sun^ 

The stars in each constcIIaCion. which have not specific 
names, are called by the names o( letters m the Greek alphabet; 
the ku^est Alpha, the next Beta, the thin! Gamma, &c If 
there are more stars in a constellation than Greek letters, Italic 
letters are used. Alpha in one constellation, may be of a diffe- 
rent magnitude ham Alpha in another. ^ 

While there is a variety of hues in the Kght 
emitted by the fixed stars, there are variations of 
ma^itude in some of them. Dr. Herschel con* 
cluaes this variation is occasioned by inequalities 
of luminous matter on their sides ; and that their 
rotation, on. their. axis, presents at one time the 
most luminous side, at another the least lumiqous. 

One instance will be here introduced. Mr. Goodrick disco- 
vered that the star Beta in the constellation Lyra, is subject to 
the following periodical variation. It completes all its phases 
in 13 days and lil hours, during which time it undergoes the 
following changes.^ 1. It is of tne third magnitude for about 
3 days. 3. It diminshes U days. 3. It is between the fourth 
and hfth magnitudes, for less than a day. 4. It increases- about 
2 days. 5. It b of tlie third magnitude for about 3 days. 6. 
It diminishes in about 1 day. 7. It is something larger than 
the fouith magiytude for a little less than a day> 8. It increases 
in about one day and three quarters to the first, and so com- 
])letes a whole pQrkxL See Phil Trans. 1785. Irregular vaiia- 
tions, in the magnitudes of some stars, have been obwrved. 

Many of the atam, which to the unassisted eye 

appear single, are proved by the telescope to be 
« f ' ' ^ ' ■ " ' ' ■ 

Wbat eoiftdusiQn musl iw ibrm respecting them 7 What 

'-•onif pfimu^ 7 
ijfl^uit naie have astronomeri made ht Greek and Italic kitera 1 
.What if SQpppMd to be tM atose of appareM vaiyiagmagiii- 

tnoH in some of them T 
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double Stan. Not apparently double, because one 
sitar is seen almost in the same lii^e with another, 
though two or three times as distant, but double, 
because they are near to each other, and are revolv- 
ing round a central point between them, in periods 
of three, five, ten, or fifteen centuries. Observa* 
tions made for 40 years by Dr. Herschel, have 
established these facts. 

Why may not these be oentres of binarv fystema) when 
planets may be illumijiiated, and warmed, and fertilized by two 
Suns 1 Dr. Herschel has formed a catalogue of more than 400 
such double stars ; a few of which will be given. 
. German astronomers have much increiued the catalogue of 
double stars. 

Twq large stars, in the constellation Orion (known in popular 
language as the Yard and L.) are double stars ; unequal in 
their magnitudes and varying in their colors. The stars Alpka^ 
BetOf and DeUa^ in Hercules, are double stars. The stars of 
the first magnitude, Aldeliaran in Taurus, and Cattor in 
Gemini, are double stars. The north polai* star is double, ooiv* 
Slating of a larger star, white in color, and a smaller star, red in 
its hue. 

Other remarkable phenomena in the heavens, 
must not be overlooked. I'here. are treble, qua* 
druple, and quintuple stars. Three, four, live, and 
sometimes mor^, appear revolving round a com- 
mon centre among themselves, forming systems 
of material worlds, variegated to an extent beyond 
what the imagination of man can conceive. 

SMch Stan are found in Ursa Majior, Canis Major, Orion, and 
others of the consteUations. A still more remarkable appear 
ance has been discovered in Orion. Its discoverer called it a 
luminous circular window, of more than 100 millions of miles 

.What is said of double stars and the period of their revolu- 
tion? 

How many double stars have been discovered 7 Where may 
some of them be found 7 

What other remarkable phenomena deserve to be notioed 7 

What is said to be visible, with a telesc^w, in Orion ? 
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in diameter, through wMch, we catch a glinq^'se of a more bril- 
liant universe beyond. Where that bright portal leads, and 
what are the material glories which faintly gleam on mortal 
vkioii, who can tell 1 

Already by th« aid of the telescbpe, our thoughts 
are contemplating many thousantfs of stars, each 
one of which must be a Sun, But the whiteness 
ef the. Galaxy, when viewed by Dr. HerscHel's 
l^rge telescope, is resolved into stars so nume- 
rous, that probably more than 10 millions belong 
to that single zone of suns, of w^hich our Sun is 
supposed to make one. 

They are thought to lie iri motion round their common centre 
of gravity, and that this accounts for the motion of our i^stem 
towards the constellation Hercules. Extended as the material 
universe: thus seems, we must not stop our investigations here. 
Twenty-five hundred other fields of light in the heavens called 
nebulae, have been counted* It is a plausible theory, that each 
of these is the neart^ part of another zone of suns^ having its 
remotest ports too distant for. telescopes to reach. And il S& 
thousand millions of suns belong to these zones, «i^ even 35- 
hundred zones of systems, the whole of creation 7 

There is one more topic respecting the fi»ed 
stars, which may not be <>mitted. New stars are 
shining in our sky, and others which once adorne4 
it, have disappeared, under circumstances not to be 
satisfactorily accounted for, , but in supposing the 
Creator's power still employed both in kindtin^ 
and extinguishing suns, in his universe. 

An extract from the Surrey Lectures, of the late eminent phy- 
L Dr. Good, will give light and emphasis to this thought. 



What occasions the. whiteness of the Galaxy I How many 
suns are suppc^ed to exist in that one zone ? 

What hypothesis is started respecting- other zones of suns 1 
Can we set bounds to creation 7 

What evidence exists that new stins are created aiid other 
suns extinguished from century to century? 

What distinguished authority can be quoted, in confirmation 
•f the (^inionj that stars arc disappearing* ? 
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" Bat worlds and syMems of worlds are not only perpetually 
creating, they are also [jerpetually diimnishing and disappearing. 
It is an extraordinary fact, that within the period of the last 
century, not less than thirteen slars in different constellationsi 
noiie of them below the sixth ma^nitu'de, seem totally to have 
perished^ forty to have changed their magnitude,, by becoming 
either much larger or much smaller; and ten new stars to have 
auppiied the plaqe of those that are lost. Some of these changes 
may perhaps be accounted for by supposing a proper motion in 
the solar or sidereal systems, by which the relative positions of 
veveial ^of the heavenly bodiea have varied. But this explanar 
tion, thoueh it may apply to several of the cases, wiU by no 
means apjuy to alt of them ; in many instances it is unquestion- 
able, that the stars themselves, the supposed habitations of other 
l[inds or orders of intelligent beings, together with the tfiff rent 
planets by which it is prohable they were surrounded, and to 
which they may have given light and fructifying seasons, as. the 
Sun gives light and iruitfulness to the Earth, nave utterly ya- 
nishea, and the spots which they occupied in the heavens Kave 
become blanks. What has befallen other systems will assuredly 
befal our own. Of the time and the manner we know nothing, 
but the fiict is incontrovertible ; it is foretold by revelatioa, it is 
inscribed in the heav«n^ it is felt throughout the Earth, ^uch 
Is the awful and daily text; what then ought tb be, the com- 
ment 7" 



CHAPTER X. 

LATITUDE AND I.ONOITI7DE, TERRXSTRIAt AND 
CELESTIAL. 

The humble, but interesting and utieful topics ot 
Latitude and Longitude, require to be discussed. 
The rotation df the Earth is on an imaginary line, 
called its axis, the extremities of which are called 
its poles. A great circle round the Earth, at an 
c^ttaZ distance from either pole, is on that account 
called it^ Equator. Lines drawn parallel to this, 
on either side, are called parallels of Latitude, 

How is terrestrial Latitude reckbneid 1 How terrettrial, 
Longitude 1 

4* . 
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because LtUitude is reckoned across them to the 
poles, one quarter of a circle,' or 90?. The Earth 
being spheroidal^ or flattened at its poles, occasions 
the first degree of Latitude to be a trifle shorter 
than the next, and that, shorter than the third. A 
meridian is a direct line, passing from one pole to 
the other. Wherever that line is vertical, or di- 
rectly over head, it will be mid-day when the Sun 
is in it. The common meridian for computing 
Longitude is that of Greenwich, England. De- 
grees of Longitude at the Equator, from the sphe- 
roidal figure of the Earth, will be a trifie longer 
than the first degree of Latitude. They will how- 
ever diminish in their length, if computed in miles, 
as you approaqh the poles, till they terminate in a 
point Terrestrial Longitude is rei^koned half 
round the globe, or 180 degrees east and west. 

In the heavens there is a great circle, where the 
Sun makes its apparent annual path, but which is 
Jie real orbit of the Earth around the Siin. This 
is called the Ecliptic ; because all the eclipses 
occur when the Moon is near this circle, at the 
change, or full. It, makes an angle of 23^^ 28" with 
theEq^tor. Imaginary lines crossing the Eclipdc 
at right angles, as the meridians cross the Equator, 
are called secondaries to the Ecliptic, and termi- 
nate in points 23^ 28" from the points opposite to 
the poles of the Earth. These are called the poles 
of the Ecliptic* Here we may mark the difference 
between terrestrial Latitude, which is reckoned 
from the Equator to the poles ; and celestial Lati- 
tude, which is reckoned from the Eclipiiq, to the 
poles of the Echptic. When: Latitude on Earth is 

What is the comparative lenffth of degrees of Latitude and 
LcHigitade 7 What is the Ecliptic 7 How is cOutiql Latitad* 
reckoned 7 
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given, it is reckoned from the Equator ; when the 
Latitude of stars or comets is given, it is their dis- 
, tance from the Ecliptic. Celestial Longitude is like- 
wise different from terresiriaL Instead of being 
reckoned from a given meridian, it commences at 
the point among the stars in which the Sun appears 
at the vernal equinox, the 20th of March, or the 
"beginning of the sign Aries. Besides, it is reck- 
oned only east, and that quite round the heavens, 
making 360°. The longitude of celestial bodies 
is, therefore, always to be reckoned by their- dis- 
tance east of the Sun's place at the vernal equinox. 
VhiB varies a trifle each year, owing to the preces- 
sion of the equinoxes, the cause of which will be 
discussed in a future chapter, but the consequences 
df which, are a gradual change in the longitude of 
the stars,' {^mounting in 26 thousand years, to a 
whole revolution. After such a long period, the 
Sun would return again at the vernal equinox, to 
the salne point among the stars. 

• "When the names were given to thie constellations of the Zo- 
diac, more than 2000 yean since, the San at the vernal equinox 
was doubtless at the beginnmg of the oonstellatton Aries, the 
ngns and constellations being then together. At the vernal 
equinox now, the Sun is in the coiwtellation Pisces, thouj|^ 
fluit point is called the beginning of the sign Aries. 

The horizon is another great circle. The sen-* 
sihle horizon is where our vision is bounded by 
the apparent meeting of the air, and the land,, or 
water. The rational horizon embraces an entire 
hemisphere, having the zenith, or point directly 

How, edeatiai Longitude ? How long a period Ji »f|UZ«c 
for the precession of the Equinoxes ? 

How lonr sinoe the signs and constellations of ^v'iiwafc. 
were together 7 

What is the horizon ?— the zenith ?— the nadir 1 
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oyer oiir heads for its pole, and the opponte point 
called na(2tr, a corresponding pole in die opposite 
hemisphere. 

In Afltronomy, this distinction is of minor importance. 

It will be at once obvious, that the horizon ya* 
Ties with the position of the obseryer. A correct 
knowledge of the true places of the heavenly bo- 
dies, is of great utility in fixing the Latitude and 
Longitude of places on land, and incalculably im- 
portant at sea. There, where winds and waves, 
rocks and shoals, conspire to jeopardize property 
and life, it is indispensable to safety, that the 
mariner should be able, by an observation of the 
heavenly bodies, to know his true place. 

The Parliament of England felt the importance and diffienlty 
of this subject to such a degree, that there was once a reward 
of twenty Uiousand ])OUnds sterling offered, for the best method 
of detenmninff Longitude at sea, which ahould be invented or 
discovered wiuiin a given time. , 

A very brief statement, how Latitude and Lon- 
ptude can be ascertained, may not be uninterest* 
ing or unprofitable here, though a full discussion 
of the subject belongs to Navigation. 

When the Sun is at the equinoxes, where it is 
the 20th of March, or the 23d of September, let 
a Quadrant be used at noon, to determine how 
high the Sun appears above the horizon. If found 
to be 49°, (which is called its altitude^) above the 
horizon, subtract the 48°, from 90°, the whole 
number of degrees between the horizon and the 

Where is a knowledge of Latitude and Longitude of most 
importance? 

What evidence has been given that the English parlianwmt 
consider this snhjeet important 1 

How may Latitude be reckoned fnm the Sun's place ?— tan 
a star's place 1 
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zenith, or point directly over your head, and the 
difference will be 42°, which is the Latitude of the 
place where the observation is taken. But if an 
observation were taken at the same place the 20th 
of June, the Sun's altitude would be 71° 28" ; 
from which subtract 2?^^ 28", for the Sun then is 
north of the Equator, and you have 48° remain- 
ing, which you will use as in the other case. La- 
titude may be taken at night from any star, whose 
place is correctly known. Suppose an observa- 
tion of the north polar star were taken, and found 
to be 40° above the horizon as at Philadelphia ; 
then the Latitude would be 40° north. 

To ascertain Longitude at sea, is attended with 
much more difficulty. Nautical tables, which give 
.the Moon's true place among the stars, for every 
day and every three hours in the year, afford the 
practical navigator his surest method of determin- 
ing hid Longitude. 

'* Am the .exact- situation of the Mood in her orbit, and her 
distance from the Ecliptic^ are of infinite utility to navigators, 
for the purpose of ascertuning the Longitude at sea, her posi- 
tion, in respect to the nine most remarkable stars situate near 
the Ecliptic, is calculated for every three hour% and given in 
the Nautical Almanack. The nine stars are, a, in Aries ; Alde- 
baran, in the eye of Taurus; Pollux, one of the stars in CJe- 
mini ; Reguhis, the heart of Leo ; Spica Viiginis, ii^ Virgo ; 
Antares, in Scorpio; a, in Aquila or the Eagle-; Fonnalhaut, 
in Pisces Australis, the Southern Fish ; and a, in Pegasus." 

PicquoU 

If rumor be true, that the Admiralty Boiird of ESn^land have 
in tiieir possession a watch, called a cbffonometer, which has not 
varied a second in 17 months, and if that would keep time with 
equd accuracy at sea, it would be invaluable for estimating 
Longitude. For illustration : let that chronometer be set to 
Greenwich time, and let the mariner carrying it, keep another 
watch regulated to the time of the Sun's being in the meridian. 

How can Longitude be estimated at sea 1 
How is Long-itude found by a chronometer 7 
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For every 15 degrees he sails west, his chronoineter wiJl bo 
one hour earlier than the other watch. When he arrived at 
Philadelphia they would vary 5r hours, which being multiplied 
by 15 would give 75® Longitude west from Greenwich. 



CHAPTER XI. 

THE moon's months AND PHASES. 

The time required for the Moon to revolve from 
West to east, round the Earth, is called a month. 
The actual revolution of the Moon is in 27i days ; 
Avhile it requires 29 days, 12 hours, and about 44 
minutes between one change and another, of the 
Moon. Thi^ arises from the annual motion of the 
Earth, iri its orbit round the Sun. 

For illustrating this subject, use Plate iii. Fij^re 1. Let S re- 
-preseiit the Sun, and T the Eiurth in a part of its orbit, Q, T, L. 
L»et £ be the position of the Moon. If the Earth had no motuxn, 
the Moon would move round in. its orbit^ E, P, G, &c., into the 
position of E again, in 27 days, 7 hours, 43 minutes ; but white 
the Moon is describing its Journey, the Earth is passing through 
nearly one twelfth part of its orlnt This the Moon must also 
describe, before the two bodies can come again into the same 
position they before held, with respect to the Sun. The time 
required to do this, added to the 97^ days, makes more than 
29^ days. 

THE PHASES OF THE MOON. 

' The ]M[oon is an opaque, or darjk body, like the 
Earthy receiving from the Sun the light it gives to 
us. Of course, it will be invisible ; its disc par* 
tially or fully illuminated, according as its enlight- 
ened hemisphere is turned from, or towards the 
Earth. 

From what is the word month derived 7 What is the period 
in which the Moon revolves round the Earth ? — ^fnnn one cnange 
to another 1 Why do these periods differ 1 
How do you, illustrate this 'from Plate iii. Figure 1 7 
How is it known that the Moon is an opaque body 7 What 
^lustrations of this may be given 7 
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In Plate iiL Figme I, luppose A, B, C» D, E, &c, to ropramit 
tlie Moon in different paitg of its orbit round the Earth, in*which, 
one half ie constantly enlightened and would so appear as seen 
£rom the Sun ; then will the enligktened parts of the outside 
figures, represent the appearance of the Moon, as seen from the 
Earth. 

When the Moon is at E, no part of its enlight- 
ened side is visible on the Earth. It is then new, 
Moon^ or change. And the Moon being in a line 
between the Sun and the Earth, they are said to 
be in conjunction. 

The outside figure, opposite to E, is wholly dark, to show that 
the Mo<HK is invisible at the change. 

The whole illuminated hemisphere at A, 19 turn- 
ed to the Earth, and this is called full Moon; and 
the Earth being between the Sun and the Moony 
they are said to be in opposition. 

When at F, a small part only will be seen from 
the Earth, and that will appear horned ; at (5r, one 
half of the enlightened hemisphere is visible; it 
is then said to be in quadrature. 

At H, three-fourths of the disc appears illumi- 
nated, when it is called gibbous. The eight posi- 
tions, in which the Moon is seen in this diagram 
are called octants. The change and full are some- 
times called syzygies. 

The horns of the Moon directly after the chanse, will be turned 
to the east, after the last quadrature thej will be turned to the 
west The Moon turning once on its axis, while revolving once 
raiind its primary, will allow organs of vision like ours, if 
located in th6 centre of its hemisphere turned towards the 
Earth, to behold a lominaiy 13 times as large as our full 
Moon, directly over the head, j^assins through all the vicissi- 
tudes of the Moon's phases m 39} days; btit at peruxls 

When is the Moon sud to ehange7^Ui be homed ?•— to be 
in quadrahure ?— to be gihbcnu ?-— to be fuU 7 

How would the Earth appear to organs oC viuoii Jike oara if 
iMlield from the Moon ? 
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oppoflite to those of the Moon seen from the Earth. And it id 
reflected light from a gibbous primary which renders the dark 
part of this satellite visible when horned^ directly after, or im- 
mediately before the change. Moving in its orbit to the east, 
the Moon comes ^to the meridian about 50 minutes later each 
evening. 



CHAPTER XIL 



ECLIPSES. 



Where their causes are unknown, superstitious 
terrors, perhaps, always attend eclipses. Eclipse, 
in Astronomy, means a temporary deprivation of 
light, and is rarely used, but when applied to the 
Sun and Moon. 

In describing eclipses of these luminaries, thctr discs are ,di« 
vided into twelve parts, called digits. The proportion of a lumi* 
nary obscured, in a^rtial eclipse, ir designated by the numbef 
of digits said to he eclipsed. If 8 digits are eclipsed, then two- 
thirds of the luminary will be obscured. 

LUNAR ECLIPSES. 

An eclipse of the Moon is occasioned by the 
interposition of the Eslrth, between the Sun and 
Moon, and consequently, it must occur when the 
Moon is in opposition to the Sun, or at the full 
Moon ; as seen in Plate iv. Figure 1. 

If the plane of the Moon's orbit coincided with 
the Ecliptic, there would be a lunar eclipse at every 
full Moon, and a solar eclipse at every ch&nge. 

How has superstition regarded Eclipses ? What is an Eclipse 7 
Into how many parta are the discs of luminaries divided? 

What arc they called ? 
What occasions' an eclipse of the Moon 1 ^Vhat jffo tke 

Moon's nodes 1 ' 
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But the orbit of the Moon, makes an angle with 
the ecliptic of H^« It will therefore appear in one 
half of i^s orbit, north of the apparent annual path 
of the Sun among the stars, and the other half of 
its orbit, south of the Ecliptic. When it crosses the 
Ecliptic, as it must do twice in every revolution, 
these are its nodes. 

When a full Moon occurs at a greater distance 
thai) 1^^ from one of its nodes, no lunar eclipse 
can reach any part of the Earth. If within 12° of 
a node' at the fulU either a partial or total eclipse 
will take place. 1( total, it would be visible over 
a whole hemisphere, if partial, it might not be* 
In a partial lunar eclipse, but a part of the Moon's 
disc passes through the shadow of the Earth ; in a 
total eclipse the whole.- Partial eclipses may laist 
btit a short period ;' total lunar eclipses will con- 
tinue from less than three Hours, to nearly /ot^r 
hours. Ii) a total eclipse, the Moon is visible and 
of a copper color. 

The shadow of the Karth is of a conical shape, because the 
Sun is vastly larger than the planet ; and the orbits of both the 
Earth and Moon, are ellipses, and not circles; therefore the 
width of the shadow of tne E^rth, where the Moon passes 
through it in eclipses, will vary very considerably. The lonaest 
edipse of the lesser light will occur, when the Sun is mostre- 
moCe from the Earth, and the Moon is nearest; the shortest, 
when the Moon is lemotent, and the Sun nearest. • An 
ecli{>se of the Moon, always commences, on its eastei:n Hmb or 
edge. , , - . 

How near to a node must the Moon be, to,occa8ion an eclipse 7 
41 total lunar eclipses, is the Moon visible 1 What is its color T 
How long may such eclipse continue ? 

What reasons are assigned for the variation in the duration, 
of lunar eclipses ? When will they be lono'est 7— when shortest 7 
On which limb of the Moon do they commence 1 

6 
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At Alexandria, in Egypt, more than 5M)00 years 
ago, the Moon was seen eclipsed when rising; 
while the Sun was still above the horizon. When 
the refractive properties of the atmosphere are dis- 
cussed, the cause of this interesting phenomenon 
will be assigned. But tables of the Moon's pre- 
sent place, would not admit of that eclipse having 
commenced at Alexandria, until the Moon was 
nearly two hours above the horizon. But the phe- 
nomenon was so peculiar, how could the observer 
be mistaken ? llie true solution is this, that the 
Moon is nearer to the Earth now, than it then was ; 
but La Place has demonstrated, that the orbit of 
the Earth is less elliptical now, than then, but that 
the variations in orbits and distances are all within 
known limits. ^ 

The average number of vtotal lunar eclipses in 
a century, is about 30. The average number of 
eclipses of both luminaries in a year, is about fomr* 
There may be seven eclipses in a year, and there 
may be but two. If but two, they will both be 
i£ the Sun. 

SOLAR ECLIPSES. 

These are occasioned by the Moon's passing be- 
tween the Earth and the Sun ; and will be easily 
miderstood by consulting Plate iv. Figure 2. 

Eclipses of th6 sun may be either partial^ annu' 
lar^ or total. Partial eclipses of the Sun will occur 

What phenomenon oocnrred at Alexandria? How does that 
move the Moon nearer to the Earth now, than then % What 
naa La Place discovered 1 What is the avenge namher of total 
hmar edipMs in H century? What the avenge number of 
edipiea in a year? What the extiemea ? 

What occaaiona m mikt edipn? When w9l partial iohr 
r? 
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when the conjunction takes place, not in one of the 
Moon's nodes, but within 17^ of one of them. A 
change of the moon exactly in one node of it will 
occasion an annular, or a total eclipse, over a small 
portion of the enlightened hemisphere ; a larger 
portion will see a partial eclipse, and nearly one 
half that hemisphere, will not even have a partial 
one. On this account, while more solar than lunar 
eclipses occur in a centyry, fewer eclipses of the 
Sun will be seen in a given place, than of the 
Moon. 

The annular or ring eclipse, derives its name 
from the luminous ring which surrounds the Moon, 
when a central solar eclipse occurs at the greatest 
distance of this satellite from the Earth. 

The annular eclipses for the United States in the mneieenth 
century, are but three. One occurred in 18 11 ; another is pre- 
dicted for 1831, which will appear annular in quite the southern 
part of the Union ; and one in 1838, which will be central in 
Virginia, but may be barely annular in some parts of New-finff- 
land. There is a peculiar refraction of light, or radiation of the 
primary colon, in annular ecHpses, which is supposed to be pio- 
dooed by the Atmoapheie of th« Moon. 

TOTAL SOLAR ECLIPSES. 

It will be seen by a reference to Plate iv, Figure 
2, that a total eclipse of the Sun, can never extend 
far north or south ; not 200 miles in the most fa- 
vorable circumstances; though the Earth's rotation 
on its axis, will cause it to extend farther east and 
west ; and the total darkness can never last more 
than from 4 to 8 minutes. 

When an annular ? Why called ahntUar ? 

What annular ecliMes for the United States in the Idth cen* 
tory are named 7 What is supposed to occasion the colors m 
tti annular eclipse 1 

How extensive the Jisiits north and south of a ieial solar 
•dipsel How long can total darknesi continue? 
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Hie on]y total eclipse, which the compiler of this Manual ever 
nvitnessed, or ever expects to behold, was that of 1806. li was a 
bright morning in the middle of June, when creation was rejoi- 
cing in renovated vigor, and decked in all the variegated beau- 
ties of Spring. Before the Sun had arrived at the meridian, the 
landscape b^n to assume a yellow, sombre, gloomy hue. Mer- 
cury stepped forth, and several of the fixed stars successively 
appeared. 

The animal kingdom "was seized with consternation. The 
beasts ceased their grazing. The tenants of the farm yard has- 
tened te their perches. The songsters of the grove, with plain- 
tive notes, repaired to their poets of nightly retirement The 
chills and dews of an autumnal evening descended. A dense 
cloud of darkness was seen approaching with astonishing velo- 
dty. And when the last ray of light was intercepted, the heart 
invohutarily throbbed with anxiety. But before five long mi> 
imteshed transpired, a ray descended, imparting /^A/ to the coun- 
tenance, and jojf to the heart. And when the echpn had slowly 
and sullenly retired, creation resumed its beauty, and spontaQO^ 
oosly burst forth in song. 

UMBRA AND PENUMBRA, IN ECLIPSES. 

The umbra and penumbra^ in a solar eclipse, 
may be explained by a reference to Plate iv. Figure 
4. Let S be the Sun, M the Moon, A B or C D, the 
surface of the Earth ; then x^ z will be the Moon's 
ttmbrcL, in which, no part of the Sun can be seen. 
The space comprehended between the umbra and 
joo k and z T gy i» called the penumbra^ in which 
part of the Sun only is seen. 

Now it is evident that if A B be the surface of 
the earth, the space between m n, where the umbra 
falls, will suffer t total eclipse ; the parts o m and 
n P, will have a partial eclipse ; but to all the 
other parts of the earth there "will be no eclipse. 

But as the earth is at different times at different 
distances fro% the Moon, suppose, again, C D ta 

IVhaiaccoonicanTougivoof iheMoi ed^of 18061 
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be the surface of the earth ; then as the umbra 
reaches but to V, the space within cf will suffer an 
annular eclipse, and the Sun will appear on every 
side of the Moon in the /or m of a ring. The parts 
k c and f g will have a 'partial eclipse, and to the 
other parts of this earth there will be no eclipse^ 
Hence it is evident, that in this last case, supposing 
C i) the earth, there can be no total eclipse any 
where, as the Moon's umbra does not reach the 
earth. 

A short catalogue of some eclipses observed by 
the ancie^its, will be subjoined fronii Struyk's ela- 
borate Tables. A Table, Embracing the eclipses 
calculated for the capitol at Washington for half a 
century, commencing with 1831, will likewise be 
given. This will be extracted from an American 
work by John Vose, Esq., from which, the student 
in practical astronomy may derive very important 
aid. 

ECLIPSES, 

Selected from StniJ/Fs- Catalogue. 



tsSn 


La-' 


Place 


Digits 


Year 


Lu. 


Flace 


Ir 


befoie 


nun- 


where 


before 


mm-; 


where. 


Christ 


ary. 


ubeerved. 


Christ 


ary. 


observed. 


m 


T> 


Babylon 


Total 


60 





Gibraltar 


An'lr 


431 





Athens 


11 


54 





Canton - 


Total 


425 


D 


Athens 


Total 


45 


D 


Rome 


Total 


403 





Pekin 


10 


28 





Pekin 


Total 


340 





Zante 


9 


26 





Can^n 


11 


198 





Rome 


nnk*n 


24 





Pekin 


2 


63 


D 


Rome 


Total 


2 





Capton 


11 



What is the earliest eclipse inserted in the table from Struyk ? 
Where observed 1 

a* 
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£CLIPS£S CONTINUED. 



^tter 




Alter 




' ■' v'.t.v 


Christ 






Christ 


' 




1 





Pekin 


11 


976 


D 


London 


Total 


5 





Rome 


4 


1026 





London 


11 


37 





Canton 


Total 


1113 





Jerusalem 


9 


46 


]) 


Rome 


Total 


1230 





Naples ' 


Total 


133 


3) 


AlexamVa 


Total 


1255 





Cona'pte 


An'lr 


237 





Bologna 
Toledo 


Total 


1415 





Wet'mb, 


T6tal 


334 





An'lr 


♦1540 





London 


Total 


360 





Ispahah 


An'lr 


1603 





Rome 


11 


540 





London 


8 


1609 





Canada 


4 


582 


V 


Calaw 


Total 


1684 





London 


Total 


71fi 


'0 


Cons'ple 


Total 


1696 


D 


London 


Total 


810 





Paris 


Total 


1699 





London 


9 



Total eclipses for central Europe in the 18th 
ceatury. Two solar eclipses, one in May, 1715^ 
and the other in May, 175^1, were calculated. Be- 
sides these there were 28 lunar eclipses. In the 
years 1703, 1736, 1768, and 1790, there were twa 
in a year. 

Eclipses calculated for the Capitol for half a 
century from 1831. To add to the general utility 
of the table, a few eclipses are inserted, not visible 
at Washington City. The time sjet to solar eclipses 
is the middle of each eclipse, as seen from the Ca- 
pitol ; to lunar, the minute of opposition. Both 
are reduced to apparent time. 



' What total solar eclipses occurred in central Europe the last 
^century 1 



Below this, they are fiom Riceiolus, and calettlated. 
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Sif,2. Zehp^e oT lsA« Moon. 




Fiff. 5, Dmbixt iSe J'emtmira. 
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Year. 


a 
5 


Month 


D H M 


A P M 


NOTANPA. 


ia3i 


© 


Feb. 


12 35 


PM 


Annular over a large S. sec- 




J) 


Aug. 


23 4 57 


AM 


[tion of the U. 
Visibre in the W. part of the 


1632 





Feb. 


1 5 10 


PM 







July 


27 7 34 


AM 


[Union. 


1833 


D 


Jan. 


6 248 


AM 






D 


July 


1 7 32 


PM 


About total. 




]) 


Dec. 


26 4 30 


PM 


Total. 


1834 


D 


June 


21 3 13 


AM 


Total. 







Nov. 


30 238 


PM 


Total. Charleston, S. C. * 




D 


Dec. 


15 11 50 


PM 


Those with the asterisk are 


1835 










inserted from the Amen- 


1836 


D 


May 


1 3 6 


AM 


can Almanack, 1830. 







May 


15 8 14 


AM 






J) 


Oct 


24 8 22 


AM 


Visible m Mo. Ter. 


1837 


J) 


Oct. 


13 6 29 


PM 


Total. 


1838 


D 


April 


9 9 


PM 




1839 
1840 





Sept 


18 4 32 


PM 


Annular in Virginia. 


D 


Feb.* 


13 2 9 


A M 




1841 


D 


5 8 49 


PM 


Total. 




^ 


Aug. 


2 4 49 


AM 


Total. 


1842 


D 


July 


14 5 43 


AM 


Visible at Astoria. 


1843 


D 


Dec. 


6 7 7 


PM 


Very small. 


1844 


D 


Nov. 


24 6 51 


PM 


Total. 







Dec- 


9 4 19 


PM 


SmaU. 


1845 





May . 


6 


AM 


Sun rises a little eclipsed. , 




D 


Nov. 


13 8 7 


PM 




1846 





April 


25 6 


PM 




1847 




' 








1848 


D 


Sept. 


13 1 23 


AM 


ToTfll. 


1849 


]) 


March 


8 7 48 


PM 




1850 












1851 


D 


July 


13 2 8 


AM 









July 


28 8 11 


AM 




1852 


D 


Jan. 


7 1 3 


AM 


Total 




2) 


Dec. 


26 


AM 


Begins 6h. 28m. 



What day and hour in 1831 will there be an annular eclipse 1 
HVhere 1 When will there be another tptal aolar eclipse in the 
Cnited States'? Where? 
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Year. 


J 


Month 


D 


H M 


AFM 


NOTANOA. 


1853 


D 


Jan. 


11 


1 3 


A M 


Small. 


1854 


D 


.Vov. 


4 


4 22 


P M 


Very Rmall, Visible m N. E. 


1855 


D 


May 


1 


11 6 


P M 


Total. 




D 


Oct 


25 


2 4-2 


A M 


Total. 


1856 


D 


April 


20 


4 10 


A M 






D 


Oct. 


13 


6 12 


P M 




1857 














1858 


D 


Feb. 


27 


4 55 


P M 


Moon rises partially eclipsed. 







March 


15 


6 16 


A M 




1859 


D 


Feb. 


17 


5 36 


A M 


Total. 




© 


July 


29 


5 44 


P M 


Small 


1860 


1> 


Feb. 


6 


9^17 


P M 






© 


July 


18 


7 55 


A M 




1861 


D 


Oec. , 


17 


3 9 


A M 






© 


Dec. 


31 


7 45 


A M 




1862 


D 


Fane 


12 


1 18 


A M 


Total. 




J) 


Dec. 


6 


2 43 


A M 


Total. 


1863 


D 


June 


1 


6 30 


P M 


Total. Moon rises eclipsed. 




J) 


Nov. 


25 


4 21 


A M 




1864 














1865 


i 


April 


10 11 29 


P M 


Very small. 




D 


Oct 


4 


5 50 


PM 


Very small 




© 


Oct 


19 10 27 


A M 


Ai^nular at Wilmington, $. CJ* 


1866 


D 


March 


40 11 30 


P M 


Total 


1867 


D 


March 


20 


3 45 


A M 






D 


Sept. 


13 


730 


P M 




1868 




■ 










fi69 


D 


Jan. 


^Z 


8 21 


P M 






© 


Aug. 


i 


6 5 


P M 


Total over a southern section 


1870 












[of the Union. 


1871 


D 


Jan. 


6 


4 9 


P M 


Moon rises partially eclipsed. 


1872 


D 


Nov. 


15 


29 


A M 


Very small. • [w. s. 


1873 


D 


May 


12 


6 23 


A M 


Com. 4h. 34'. Total in the 


1874 


D 


Oct: 


•25 


2 37A M 


N. total. 


1875 


© 


Sept. 


29 


6 12 


A M 


Annular at Boston.* 


1876 


D 


March 


10 


1 5 


A M 






© 


March 


25 


445 


P M 


Small 


1877 


D 


Aug, 


•23 


6 2 


P M 


Total. Moon rises edifMed. 


1878 


D 


Feb. 


17 


5'58 


A M 






© 


July 


29 


5 35 


P M 






D 


Aug. 


12 
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DAY AND NIGHT. . BT 

The remainder of the eclipses for the 19th Can 
tury, as seen at the Capttol, may be given arum 
marily, thus : In the Years 1885, 1886, 1889, 1892, 
1897, 1930, there will be solar eclipses; in 1886 
two. The lunar eclipses will be 18 in number, 6 of 
which will be total. 

No total solar eclipse is calculated for the capital 
of France in the nineteenth century. The eclipse oi 
1836 which has been described, as so intensely in- 
teresting a scene in New-England, was but about 4 
Digits eclipsed at Paris. The only anrmlar eclipse 
there this century, will be in 1847. 



CHAPTER XIII. 

DAT AND NIGHT.. 

The vicissitudes of light and darkness, heat ana 
cold^ are so familiar to us,, that we think little of 
their recurrence. But wisdom and benevolence 
are eminently conspicuous, in the admirable sim- 
plicity ot their causes. The Sun and the other ce* 
lestial bodies, appear to rise in the east, and set in 
the west. li\ii^ apparent motion in them, is caused 
by the real mbtion of the earth on its axis. A tri- 
fle more than one rotation constitutes a day, be- 
cause of the Earth's motion round the Sun» Three 
hundred and sixty-six rotations are required to give 
365 days. About the 20th of March and the 23d of 

Is any total nolaT eclipse computed for Paris this century 7 
When will an annUlar olie occur there 7 

What is the apparent daily motion of the heavenly hodies t 
What occasions itl How many rotation»of the Earth ia 36& 
days 7 Why 7 
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September, were we under the equator we should 
at noon see the Sun vertical, or directly over head* 
Then the northern and southern hemispheres 
would be equally illuminated, and the days and 
nights would be equal in length quite over the 
Globe. For this reason these periods are called 
egiHnoxes. 

If the Equator coincided with the Ecliptic, as 
seen in Plate y. Figure 1, there would be no vari* 
ation in the length of days, and no change of sea- 
sons. But these make With each other, an angle of 
23^ 28' ; consequently from the vernal equinox in 
March, till about the 20th of June, which is called 
the summer solstice, the Sun appears to advance 
to the north: still at the Equator the Sun 
will be twelve hours above, and 12 hours below the 
ilorizon. But north of the Equator, it will be more 
than 12 hours above the horizon; at the Arctic 
pole 6 months ; at the Arctic circle from 12 to 24 
nours. In Latitude from 40^ to 43^, the longest 
days will be from 15 to 15^- hours. The Sun will 
appear to rise in the north east, and set in the north 
west. The twilight will be seen till 9, P. M. and by 
3, A. M. In the 60th degree of Latitude, the Sun 
will be 18{ hours above the horizon, and the 
twilight will not cease to be visible. At midniglit 
its place will be due north. 

When the days are longest, the nights of course 
will be shortest. The vicissitudes in the length of 
the days in the southern hemisphere will be simi- 
lar, but in the other, six months. 

When do the eqianozee oocuil Why called equiiioxesi 
What oocaiuoiia the inequality in the length of days 1 What 
h the gnateit length in the days attheEquatorl— between 40^ 
and 49° of north Latitude 1— at the 600 7— between the Avotia 
aiide and the pole? 
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The ItMtnidier can further illostrate this iulmct {ton Plate V. 
t^lgure 2, or from a terrestiial Globe rectified to the Latitude 
^here he is. 

At the riang and setting of the Sun, rays of light and raya of 
ckloric fidi more obliquely than at mid-day, conaequentfy they 
have the greatest power at noon. But the earth has aoounwlated 
^heat from the Sun's influence, which is radiated between 12 and 
^ o'ciodc to such a degree as to render it warmest usually about 
Bo^dock.. 

THE SEASONS. 

The inclination of the axis of the Earth causes the 
tBuh not to shine on one part of its snrface, for 
months. This portion of the Earth is called a fri- 
gid zone. One half of each year, the Sun's ritjrs are 
excluded from almost 23^°, round the north pole, 
tt'nd the other half of the year, from (he same extent 
Tound the south pole ; consequently there are fto« 
jfrigid zones. 

TTiit portion of the Earth, whieh receires ihe 
fays of the Sun in a vertical, or perpendicular^ di- 
rection, i» called the torrid zone. This zone ex- 
tends 5^^ 28' each side of the Equator, making al- 
most 47° in hreadth. 

The portions of the Ear^, which are enlighten- 
ed every day in the year, but where the 8un*s rays 
are never vertical, are called temperate zones. Tne 
ivhole number of zones is five ; one torrid, two tem* 
perate, and two frigid zones. 

The circles which bound the torrid zone are call- 
ed tropics, the one north of the Equator, is the tr^ 

How cjvn this subject be well illustrated ? How do the ravv 
of the Sun fall morning and evening 1 What effect results 
from this &ct 1 What hour is the warmest 7 

What causes Uie disaopearance of the Sun lor months ? On 
what parts of the Barm is this witnessed 1 What tte they 
cdled 1 What makes the torrid aone 1 Hofw broad is it 1 
Where are the temperate xones 7 How many umes 1 
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pic of Cancer, that south, is the tropic of Capn- 
corn, because the Sun is in the signs Cancer and 
Capricorn, when over these circles. 

The circle which bounds the north frigid zone, is 
called the Arctic circle ; because the star Arctunis 
is in the northern hemisphere ; and the opposite 
polar circle is called Antarctic, because opposite 
to the Arctic. 

While the Earth is passing through the signs of 
Libra, Scorpio, and Sagittarius, the Sun appears to 
pass through Aries, Taurus, and Gemini, and thea 
seems advancing north, from the Equator. These 
in Astronomy are the spring signs. From the 20th 
of March, at which time the sun is seen at the be* 
ginning of Aries, till the 20th of June, when its 
place is at the beginning of Cancer, its rays are be?- 
coming more and more direct in all places north oi 
23° 28'. Consequently the rays of the Sun have 
increasing power. While the Sun appears to pass 
through Cancer, teo, and Virgo, it deems receding 
to the autumnal equinox, the 23d of September. 
The last three signs are called summer signs. The 
Earth has accumulated so much heat before the 
summer solstice at the 20th of June, that the radi-* 
ation of that heat with the Sun's continued influ- 
ence usually gives the warmest weather, in July and 
August. 

After the autumnal equinox, the Sun appears to 
be passing through Libra, Scorpio, and Ss^ttarius^ 
called autumncu signs ; and continues receding 
from the northern hemisphere : consequently its. 

What are those drcles called which are between the torrid 
and tempertUe zones i—betiween the temperate and frigid zones 1 
What B^pifli are called gprin^mgofil-^sumfMr signs l—auiumn 
nalmgtm'i 
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rays are becoming more oblique with us, and have 
diminished power. Till the 20th of December the 
heat of summer continues to be radiated from the 
Earth in such measure, that the coldest weather 
is mostxommonly the last of Janyary. The signs 
Capricomus, Aquarius, and Pisces, in which the 
Sun appears between the winter solstice, the.20th of 
December, and the vernal equinox, the 20th of 
March, are called winter signs. Warmth from 
the Sun is in proportion to the density of the at- 
mosphere, to the directness of the Sun's rays, and 
to the time of its continuance above the horizon. 

RjBlerence to Plate iii. Figure 2, will aid in this fllustiation. 

Central parts of the torrid zone, have only two 
seasons ; the dry or summer, during the intense 
heat of which, the soil often becomes parched ; and 
the wet or winter, when incessant torrents of rain 
descend. Near the polar circles the transitions from 
winter to summer, and summer tq winter, are so 
sudden, that they can scarcely be said to have in- 
termediate seasons. It is only in the lower latitudes 
of the temperate zones, that months of spring 
paint the landscape and perfume the air; or the 
brown fulness of protracted autumn, allows the 
husbandman at his leisure to fill his store houses 
with plenty. 

The summer is longest in the northern hemis- 
phere, because the orbit of the Earth is elliptical ; 
and the Sun is in one of the foci of that ellipse* 
Between the vernal and the autumnal equinox« 

Wb^it are loinier ngnsl When is it. oommdn to have the 
wannest weather? Why 1 When the coldest? Why? On 
what (loes heat depend 1 Qow makiy seaaong in tbo torrid 
zone ?— in the frigid ? Where are the foiur seasons nKMt npu 
lar 7 In which hemisphere is the summer longest 1 Why 1 
6 
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there is included more than half the Earth's orfait ; 
and in that half it revolves with less velocity, than 
in die other half; consequently, almost 8 days more 
time is consumed. 

We are about 3 millions of miles nearer to the 
Sun in January, than in July. It has already 
been shown, what occasions the heat of summer ; 
and Plate v. Figure 3, will further illustrate the 
subject, by giving definite views of what are direct, 
and what are oblique rays. 

Qi^euktions of soine socancj raay here be useful : 

.From the venial- equinox to the sum- D. H. M 

mer solstioe, there are, S)d 21 14 

From the summer solstice to the autum- 
nal equinox, 93 13 34 

Fmn the autumnal equinox tothe vnii' 
Uumfiatiqa, 09 16 4t 

Prom the winter solstice to the vernal 
equmox; 89 1 42 

" According to the chronology of the Hebrew Bible, the Earth 
was created 4004 years before the birth of pur' Saviour. Astro- 
nomy shows that the great axis, or longest diameter of the ellip- 
tic orbit, in which, our (ianet r^oives round the Sun, as plaeed 
in one of the foci, coincided at that epoch, with the line of th« 
equinoxes.'^ 

Prqfesaor Ube's Geologj^ published in London^ 1829. 

The periods would then have been of equal length between 
. ttie veriai equinox and Uie autumnal ; ana the auiumnai equi- 
nox and the vernal. Why b it not proftoMe, that Adam, at the 
time of the a,yJtumndL equinox, Brst opened his eves on the ma- 
tured fruits of the northern henusphere, in which he was located. 
Perhaps, on the demiurgic week, as it is sometimes called, the 
seasons mi^ht have commenced idl over the globe, as they would 
tw flucoeedmg yean at ikeaviumnal equinox. 

How much nefticf are we to the Sun, in January than in hAy t 
What accurate calculationB are riven,.respectin^ the perMt 
-^ \ the eqniaosef and aelatiees 1 
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EOIJATION OF TlMfe. 0S 

CHAPTER XIV. 

EQUATION OF TIME* 

The period required by the revolution of the 
Earth round the Sun to bnn^ a given star in pre- 
cisely the same direction, is 365J. 6A. 9' 12". This 
is called a sideTial year. The period from one 
vernal equinox to another is 365(L bh, 48' 49". This 
is called a solar year. The cause of this varia- 
tion, will be assigned under the head of the j^rece^* 
sibn of the equinoxes. 

Were a clock so regulated, that from the 16th of 
June one year, to the 15th of June the next year, 
there should not be a second's variation with the 
Sun, that clock would keep mean timej but appa- 
rent time by the Sun would rarely be the same 
during the year. The cause of this difference is 
to be accounted for, under this head of Equation 
OF Time. 

This difference between eqvdl and apparent 
time, depends, first upon the inclination of the 
Earth's axis to the plane of its orbit ; and second^ 
Zy, upon the elliptical, or oval form of the Earth's 
orbit ; for being an ellipse, the Earth*s mo^ 
tion is quicker in its peHkelion^ than in its aphe" 
lionp 

The rotation of the Earth upon its axis, i$ die 
most equable motiop in ilature, and is completed 
in 23 hours, 56 minutes, and 4 seconds. This space 
is called a sideriai day^ because any meridian on 
the Earth will revolve from a fixed star to that star 
again in this time. 

Yf hat ia B, siderial jewel How long? What is a rater ye«r1 
How long 7 On what causeg depnd the diflference between 
mean and apparent tiii: / How long is a siderial day 1 

Digitized by VjVjOQIC 



64 Equation of time. 

Hence, if the Earth had orUy a diurnal motion, the day 
vould be Qiearly four minutes shorter than it is. 

But a solar, or natural dayt which our clocks are 
intended to measure, is the time which any meri- 
dian \on the Earth will take in revolvin'g from the 
Sun, to the Sun again, which is ahout ^ hours, 
sometimes a little more, sometimes less. This is 
occasioned hy the Earth's advancing nearly a de- 
gree in its orhit, in the same time that it turns east- 
ward on its axis ; and hence the Earth must make 
moTQ than a complete rotation, before it can come 
into the same position with the Sun, that it had the 
day before. 

Some idea of this may be formed by the hands of a clock ; 
supjjose both of them to set oft' together at twelve o'clock, the 
miaate hand must travel mm-e than a whole circle befoite it will 
overtake the hour hand \ that is, before they will be in the same 
relative position. 

If the Equator coincided with the Ecliptic, aiid 
the orbit of the Earth were a perfect circle, art 
equal period, of 24 hours would transpire between 
the Sun's appearing in the meridian one day and' 
the next throughout the year. But the angle of 23^ 
28', made by the Ecliptic with the Equator is cau- 
sing unequal portions of the Ecliptic to correspond 
with equal portions of the Equator. This must af- 
fect the apparent time from the Sun, and can easily 
be explained by the instmcter on the Globe. Sup- 
pose, for example, that the Suu and a star were 
to set out together from one of the equinoctial 
points, and to move continually through equal arcs 

What is a solar day 1 

What illustration can be gfiven from a cinck 7 

How. can this gubject he i^uftla(ed on a globe 1 
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in equal times ; the star in the Equator and itte 
Sun in the Ecliptic : then it is plain that the stai; 
moving in the Equator, would always return to the 
meridian exactly at the end of every 24 hours, a^s 
measured by a well regulated clock, that keeps 
equal time ; but the Sun, moving in the Ecliptic 
would come to the meridian^ sometimes sooner 
than the star and sometimes later, according to 
their relative situations ; and they would never be 
found upon that circle exactly together except on 
four days of the year; namely, on the 20lh of 
March, when the Sun enters Aries ; <>n the 21st of 
June, when he enters Cancer ; on the 23d of Sej^ 
tember, when he enters Libra ; and on the 2l8t of . 
December, when he enters Capricorn. 

Again it must be observed, that if the Earth^s mo- 
tion in its orbit were uniform, as it would be if 
the orbit were circular, then the whole difnM*ence 
between equal time by the clock, and apparent time 
by the Sun^ would ar^se from the inclination of the 
EarthV axis. But this is not the case, for the l^th 
traveU when nearest the Sun, that is^ in the win- 
ter, mere than a degree in 24 hours ; — ^iA ivhen 
remotest from the Sun, that is, in sufiimer, Ze^^s'thifi!^ 
s degree in the same time. 

From this cause the natural day would bei of the . 
greatest length, when the Earth' was rieak^ilt the 
Sun, for it must continue turning the lon^t time 
after an entire rotation, in ordef to brihg the: me- 
«*idian of any place to the Sun' again; aild the 
shortest day, when the Earth moves slowest' iii her 
orbit. ^ , , - ~ 

^ ^^- , . ■ , 1 1 ■■ „ . ■ ■. . r , .. ^i f q 

What effect oirtiii^^iUiftiWiee in'mean anchajb^^MtiibMiii^ 
th« unequal velocities of the Earth in diiibrent parta of its orbit 1 
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EQUATION TABLE* 



I'he above irregularitieii, combined with tliosC 
arising from the inclination of the Earth's axis 
make up that difference ' which is shown by the 
equation table, which is here subjoined. 

This table is adapted to the second year after 
Leap year, but will be found within a minute of 
the truth for every year, and therefore is suffi- 
ciently hccurate for the regulation of common 
clocks and watches* 

SaUATION TABLE. 




l^oin t W eqwoion tttfis^ bow nany times in tlw 5^ 
■wMdekiAbtt^tBthMr? How ipwlf apaiCI 
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C5HAPTER XV. 

HARVEST MOON, AND POLAR APPEARANCES* 

Ferguson has given so lucid an explanation of 
^e Harvest Moon, pn the common terrestrial globe*, 
that I choose to use his language entirehr- 

" It is generally believed that the Moon rises 
mbout 50 minutes later every day than on the pre- 
ceding ; but this is true only with regard to places 
on the Equator. In places of considerable Latitude, 
there is a remarkable difference, especially in the 
harvest time, with which farmers were better ac- 
quainted than astronomers till of late ; and grate- 
fully ascribed the early. rising of the full Moon at 
that time of the year to the goodness of God, not 
doubting that He had ordered it so on purpose, to 
give them an immediate supply of moonlight after 
sunset, for their greater convenience in reaping 
the fruits of the Earth." 

'* In this instance of the harvest Moon, as in 
many other discoverable by Astronomy, the wis- 
«dom and beneficence of the Deity is conspicuous, 
who really ordered the course of the Moon, so as 
to bestow more or less light on all parts of the 
Earth, as their several circumstances and season* 
render it more or less serviceable. About the 
Equator, where there is no variety of seasons, and 
the wejftther changes seldom, and at stated times, 
moonlight is not necessary for gathering in the 
produce of the ground ; and there the Moon rises 
about 50 minutes later every day or night, than on 

Who fint observed the harvest Moon 1 To what was it attri- 
buted? Isitnot Justly ascribed to 6e7tevo2en< design 7 How 
ioetf the ibn Moon rise at the Equator 7 
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the fonner. At considerable distances from the 
Equator, where the weather and seasons are more 
uncertain, the autumnal full Moon rises very soon 
after sunset, for several evenings together. At the 
polar circles, where the mild season is of very 
short duration, the autumnal full Moon rises at 
sunset from the first to the third quarter. And at 
fhe poles, where the Sun is for halfa year absent, 
the winter full Moons shine constantly without 
setting, from the first to the third quarter. 

It is soon said that all these phenomena are 
owing to the different angles made by the horizon 
and different parts of the Moon's orbit ; and that 
ike Moon can be full but once or twice in a year, 
Bi these parts of her orbit which rise with the least 
angles; Bitt to explain tMs subject intelligibly^ 
we mufet dwell longer upon it 

The plane of the Equator is perpendicular to the 
Earth's axis : and therefore, as the Earth turns on 
its axis, all parts of the Equator make equal angles 
with the horizon both at rising and setting ; so that 
equal portions of it always rise or set in equal times. 
Consequently, if the Moon's motion were equable., 
and in the Equator at the rate' of 12° 11', it would 
rise and set about 60 minutes later every day than 
on the preceding; for 13° II' of the Equator, rise 
or set in 50 minutes of time in all latitudes. 

But the Moon's motion is so nearly in the Eclip- 
lie that we may consider her at present ^s moving 
m it Now the different parts of the Ecliptic, on 
aeootmt of its obliquity to the Earth's axis, make 
very different angles with the horizon as they rise 
orset. Those parts or signs which rise with the 
smallest angles set with the greatestand vice"Der9tu 

How doec the full Moon rise in the temperate anies?— «t the 
pdcfl? 
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In equal times, whenever this angle is least, a 
greater portion of the Ecliptic rises than when the 
angle is l&rger ; as may he seen hy elevating the 
pole of a gloheto any considerable latitude, and then 
turning it round its axis in the horizon. Conse^ 
quently, when the Moon is in those signs which 
rise or set with the smallest angles, it rises or sets 
with the least difference of time ; and with the 
greatest difference, in those signs, which rise or set 
with the greatest angles. 

In northern Latitudes, the smallest angle made by 
the Ecliptic and horizon, is when Aries rises, at 
which time Libra sets ; the greatest, when Libra 
rises, at which time Aries sets. From the rising ot 
Aries to the rising of Libra, (which is twelve side- 
ri^l hours,) the angle increases ; and from the rising 
of Libra to the. rising of Aries, it decreases in the 
same proportion. By this article and the preceding, 
it appears that the Ecliptic rises fastest about Aries, 
and slowest about Libra. 

All these things will be made plain by rectifying 
a globe to the latitude of a given place, and then 
putting small patches on the Ecliptic of that globe, 
aa far from one another, as the moon moves fVom 
any point of the celestial Ecliptic in 5Mt hours, which 
at a mean rate is 13i degrees ; and then, in turn- 
ing the globe roui^d, observe the rising And setting 
of the patches in the horizon, as the index points 
out the different times in the hour circle.*' 

Those years, in which the harvest Moon will be 
most beneficial in the northern hemisphere for half 
a century, will be from 1835 to 1 843, and from 1853 
tol86L 

Hmt can this tal^ect be illmtnited on a flobel 
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POLAR APPEARANCES. 

Could the enterprising adventurers now attempt* 
ing it, reach the Arctic pole, they would see the 
Sun at the vernal equinox, hegin to be barely visi- 
ble above the horizon ; and in 24 hours it would 
appear to pasis quite through the whole points of 
the compass. The next 24 hours would present 
a similar appearance, but with the Sun a trifle more 
elevated above the horizon. This elevation "would 
continue to increase till the 20th of June» the sum- 
mer solstice. From that period the Sun would be 
more and more depressed till the 23d of Septem« 
ber, when it would sink below the horizon. But 
the twilight would then remain at that point of the 
compass where the Sun was, as it appears to us a 
few minutes before, or after sunrise. As the Sun 
became vertical farther and farther south, this twi« 
light would become more and more faint, till four 
fifths of it? declination south of the Equator was 
reached; when its light would nO longer be visi- 
ble. Whiie the declination of th.e Sun inqrea^i 
the other 5^^, and till its declination had decreased 
&^^, twilight would . not be seep. From that time 
it would be visible and increase till the vernal 
equinox, and then the Sun would appear above 
the horizon again* This estimate is without allow- 
ing for the refractive powers of the atmosphere ; 
a subject to be resumed in the next chapter. 

If the Moon revolved round the Earth exactly 
in the Ecliptic, it would, at the full, be as much 
above the horizon, at the north pole, as the Sun 
was south of the Equator. Of course, at the win* 

What must be the annual appeazanoea of the^iu at the 
north pole 7 What of the Moon 1 
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ter solstice^ when no twilight was enjoyed at the 
Arctic pole, the Moon would' appear ahove the 
horizon at its first quarter, and remain passing 
round and hecoming more elevated till the full, 
then it would descend and diminish gradually till 
the last quarter, when it would disappear far two 
weeks. The Moon^s variation from the Ecliptic 
does not essentially altQr the appearances* 

Besides this amount of twilight and moonlight, 
there are frequent and very bnlliant coruscations 
of the. Aurora Borealis, supposed to be occasioned 
by the discharge of the electric fluid. Light at the 
north pole, adequate to all the purposes for which 
light is needed, is evidently enjoyed, and with much 
less inequality, when compared with equatorial 
regions, than is generally understood. 

The same remarks apply to the south pole in 
the opposite period of the year ; and the interme- 
diate nine years, out of the almost 19 year», which 
are required for a complete revolution of the 
Moon's nodes. 

He must be a dull scKoIar indeed, who does not in these 
drcumstance&of the harvest moon, and its p<te apfM^arances, 
discern legible inscriptions of the Creator's benevolent designs. 

CHAPTER XVI. 

ATMOSPHERE. 

Divine Goodness has surrounded the Earth with 
a fluid mass of matter, which like other matter gra- 
vitates, or tends towards the centre of the Earth, 
moves with the Earth in its daily and yearly revo- 
Vitions, and is exceedingly elastic. This fluid is 

What other illumination there 7 
¥^t is the atmosphere 1 
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called air, and constitutes the atmosphere. Water 
is 900^ or 1000 times more dense than air at the 
surface of the Earth, and the higher we rise, the 
more rare it becomes, till it is too subtle to produce 
any sensible effect. The atmosphere is commonly 
estimated to extend 45 miles above the surface of 
the Earth. Its extreme rarity at that height, ren- 
ders it difficult to ascertain how much higher it 
may rise. Experiments made with the barometer 
and air pump, prove that the usual weight of the 
atmosphere, of one inch square, is 15 pounds ; and 
the weight of the whole atmosphere, is equal to 
that of a leaden globe 60 miles in diameter. Ac- 
cording to this computation, a middle sized person 
sustains a pressure from the atmosphere, amount- 
ing to 12 or 15 tons. This is so equally distri- 
buted on the surface of the body, and findtf such 
resistance from the air contained in the pores 
of all animal bodies, as to render us insensible to 
its pressure. But when ascending three or four 
miles above the level of the ocean, either on a 
mountain or in a balloon, the removal of this pres- 
sure occasions peculiar sensations ; as though all 
the fluids of the body were about to burst from 
their confinement. , 

The Andes have been climbed to an. elevation where respini' 
tion was extremely difficult, and very painful sensations were 
produced. One aeronaut ascended so high, as to occasion swe.ll- 
mgs, which required medical aid for theif removal ; althouglk his 
elevation was but a small part of 45 miles. 

The atmosphere varies in density. With a westerly wintT an<I 
clear cool weather, we have the air most dense ; thoa|rh we 

What is its density at the surfece of the Earth? What i» 
its elevation 7 What is the weight of a column one inch square? 
— of the whole atmosphere 1 Why are not animal ixxlies 
crushed by it 7 

What ofTects result from ascending' Very hig-h? When &i 
thr atmoapbejc mxost drnKO 7 
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often call yraxm 6amp air heavy, tram the effectr prodoeed tm 
onr spirits. « 

The whole mass of the atmosphere contains an heterogeneous 
collection of particles, exhaled both from solid and fluid bodies 
on the sur&ce of the Earth. 

It serves not only to suspend the clouds, furnish 
us with wind and rain^ and answer the common 
purposes of breathing, but is also the cause of the 
morning and evening twilight, and of all the glory 
and brightness of the firmament 

Experiments with the air pump prove, that without the air or 
atmosphere, no aiiimal could exist ; without its^d all vegetation 
would cease. Sound could not be produced without it, nor would 
there be rains or dews to moisten the ground. 

Without an atmosphere, instead of a gradual 
increase and diminutio;n of light morning and even- 
ing, none would appear before the Sun was abovcy 
and none after the Sun was below the horizon. 
Now the twilight begins and eiids, when the Sun 
is 18^ below the horizon at the Equator; 1 hour 
and f earlier, than the Sun rose, and 1 hour i 
later than it set. 

The Sun at the solstices mak^s a longer twi- 
light, and the higher the Latitude, the longer the 
twilight. 

When treating of the Sun, it was stated, that colors exist ex* 
clusively in ra^s of light; and to prove this, we have only to 
separate the ravs of light with a prism. It will exhibit to us all 
the colors of the rainbow ; violet, indigo, blue, green, yello^ 
orange and red ; seven primary colors^ l^ose properties of bodiea 
by which they absorb.some of the rays of light and reflect others^ 

Prom what is it exhaled 1 What purposes does it serye 1 
What gives brightness to the sky, and twUight 7 How many 
jegrees l^low the horizon, is the Sun at the commencement-or 
Jerminatipn of the twilight 7 When is the twilight longest 1 

In what do colors exist 1 How many primary cdbn 7 Whafc 
are they 7 

7 
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give the impretssion of colof . The colors which are ahsorhed aie 
invisible, the others we see. 

When rays of light pass obliquely from a rarer 
to a denser medium, or the opposite, they are said 
to be refracted. 

Let a stick be set obliquely in the >vater, rays 
coming from it beneath the water, will be bent 
when entering the rarer medium, the air ; and will 
cause the stick to make an apparent angle at the 
surface of the water. Incline it in the opposite 
direction, and is seems bent the other way. This 
is wha{ is called refraction. The atmosphere, 
being more dense at the surface of the Earth than 
45 miles above it; a ray of light, beginning to be 
•efracted at that elevation, is bent more land more, 
till it reaches the eye of the observer. Of course 
it descends in a curve line. 

These properties of the atmosphere prevent our 
seeing celestial bodies in their true places, except 
when in the zenith. 

Let A, B, C, (Vlntc vi. Figure I,) represent the surrounding 
atmosphere, a the true place of a star, b the apparent place. Let 
a ray fall from a on the surface of the atmosphere at A, and it 
will be refracted, in the direction of the curve A l>, because 
the density of the atmosphere incresises, as it approaches 
the K;irth's sur&ce. Hence an observi*r at D will see the 
object at b. ' ' . > 

It is in consequence of the refraction of the at- 
mosphtire, that all heavenly bodie.^t are seen for a 
shtrt time before they rise in the horizon, and also 
after they have smih below it. 

When is licrht s.'^id to be rrfractcd ? How illustrate refracr 
Uon? Ill what lino" <1o«'s a my of light descend tliroujrh the 
atmosphere ? What ellect liJiss refraction on tlie position of the 
heavenly bodies ? 

How illustrate this 7 For what will this account 7 
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At some periods of the year, the Sun appears 
live miniUes sooner in the morning, nnd maybe 
seen five minutes later at evening, than if no re- 
fraction existed ; and about 3^ minutes every day 
at a mean rate. Hence, when the Sun is at T below 
the horizon, a ray of light T I, proceeding from 
him, comes straight to I, where, falling on the 
atmosphere it is turned out of its direct, or recti- 
lineal course, and is so bent down to the eye of 
the observer at D, that the Sun appears in the 
direction of the refracted ray above the horizon 
at S, as seen in Plate vi. Figure 1. 

At the Equator, there will be, equal to two days 
more sunshine in a year, than without refraction; 
and the higher the Latitude, the greater the bene- 
fit from this property of the atmosphere. 

MEAN ATMOSPHERICAL BEFRACTI0N8 IN ALTITUDE. 
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How I6ng may the Sun l^e seen before it rises ? 
What amount of Sun li^ht hi a year by refraction 1 



d by Google 



t6 



PA1IAI.I.AX. 



Some Hollandera, who wintered in Greenland about a centoiy 
ago, had the Sun become visible in the south at noon, 17 days 
earfier ttian it T'ould have done without reiiraction. It doubtless 
continued 17 days later, making the cfiiference of 34 days in ths 
year. 

When the Sun is at the equinoxes, it shines 
some distance over both poles by refractidn, and 
the twilight m^y scarcely cease to be visible even 
at the solstices. 

ABERHATION OF LIGHT. 

Light is more than 8 minutes in coming 95 mil- 
lions of miles, in which time the Earth has moved 
more than 8 thousand miles in its orbit. Conse- 
quently a ray of light which left the Sun in the 
direction of the centre of the Earth, when it 
reaches the orbit of this planet, falls more than 
8 thousand miles behind its centre. A ray that 
left the Sun in the direction of 8 thousand miles 
forward of the Earth's centre, is that by which 
we see the Sun when in the meridian. This' is 
the aherration of light. From this cause we never 
see any of the heavenly bodies in their true places. 
The Moon being nearest, is least affected by it. 



CHAPTER XVII. 

PARALLAX. 

The subject of parallax, if attended with some 
difficulties to minds not conversant with the higher 
branches of Mathematics, is still of such vast im- 
portance in Astronomy, as to merit' tlie most pro- 
found attention. 

What was wiineaacd in Greenland 1 
What effect haa rafractbn probably at the polea? What ii 
aWrralion of light 1 Wbat rasults from ^lat 1 
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A few definitions will here be given. 

Two lines meeting thus < form an angle* 

If one leg of Jividers were set where those lines 
meet, and the other should describe an entire cir- 
cle, that part of the circle included between those 
lines would be an ate. Let A 6, in Plate vi. Fig. 
1, represent an angle, whose arc between a, 6, 
shall be called 10°, or -h part of a circle. Mea- 
sure the distance between a and 5, and see what 
proportion it bears to the radius a A, or h A. We 
will call that proportion as 1 to 6 ; that is, the dis- 
tance from o to A where the lines meet, is six times 
as great as the distance from a to h. We have now 
learned a proportion, which will be found the 
same, whether the circle be large or small. Call 
that arc \ inch and the radius 6 inches. Now if 
a circle were drawn so large that an arc of 10^ 
measured 1 foot, the radius would be 6 feet ; if 
the arc measured one mile, the radius would be 
six miles ; if the arc measured one \housand miles, 
the radius would be six thousand miles. 

Let us now apply this subject to celestial obser- 
vations ; first, in showing the effect of parallax, 
and secondly, its utility. 

The paralhix of heavenly bodies is the difference 
between their apparent altitude^ as seen from the 
surface of the Earth, and their real altitude, as 
seen from its centre. 

Let C (Plate vi. Fig. 2,) represent the centre of 
^he Earth ; F D E* part of the Moon's orbit ; G rf e, 
part of the planet's orbit ; Z K, part of the starry 

What is an angle 7 What is an arc ? What a radius 7 About 
what is the proportion* between an arc of 10^ and the radius? 
How would you illustrate this proportion 1 What is parallax 1 
How illustrate this? 

7* 
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heavens : now to a spectator at A, upon the sur- 
face of the Earth, let the Moon appear at E, in 
the horizon of A, and it will he referred to K ; 
hut if viewed from the centre at C, it will be re- 
ferred to I: the difference between these places, 
or the arc I K, is called the parallax in altitude ; 
and the angle A E^ C,^ is called the parallactic 
angle. 

The parallax will he greater or less, as the ob- 
jects are more or less distant from the Earth ; thus 
the parallax I K, of E, is greater than the paral- 
lax /K, ofc. 

Besides, with the same object, when it is in the 
horizon, the parallax is the greatest, and diminishes 
as the body rises to the zenith, where the parallax 
is nothing. Thus, the horizontal parallax of E 
and e is greater than that of D and a ; but the ob- 
jects F and G, as seen from either A or C, appear 
in the same place Z, or in the zenith. 

The difference in the Moon's place, as seen in 
the horizon, or the zenith, may be called its hori' 
zontal parallax. The whole difference between 
its apparent place, when rising and when settings 
is twice its horizontal parallax. This being caused 
by the diurnal motion of the earth, often occasions 
the Moon's parallax to be called diurnal. 

The horizontal parallax of the Moon is about 
]o ]' — of the nearest planets much less; and of 
the Sun but about 8^", proving it about 400 times 
as distant as the Moon. The diurnal nfotion of 
the Earth gives no perceptible parallax to any of 
the fixed stars. And all attempts have hitherto 
been unsuccessful, when made to find an apparent 

Where wiU parallax be greatest 1 What is ^e Moon's paral* 
lax 1 What the Sun's 1 What effect has parallax on the hea- 
venly bodies 1 
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change in the position of the fixed 8tar$, as ob- 
served the 23d of September or the 20th of March, 
having the whole diameter of the Earth's orbit, as 
an angle ; called annual parallax. 

As the parallax of celestial bodies depresses ihemf 
or causes them to appear lower than they really 
are, the difference must be added to their apparent 
altitude, to obtain their ^ri^e altitude. 

Thus fiur the efect of parallax has been described. Let the at- 
tention next be turned to its utility. To minds unacquainted 
with mathematical science, and with the surprising resources 
of the human intellect, it often seems impracticable to measure 
distances and magnitudes, when removeu many thousands, or 
even miltions of miles from theuL But parallax enables man to 
surmount difficulties of distance, and gauge the heavens. 

DISTANCE OF THE MOON. 

The distance of the Moon is easily ascertained. 
The quadrant, an instrument by which degrees 
and minutes among the heavenly bodies can be 
' accurately measured, shows that the Moon's appor^ 
rent place, as seen from the surface of the Earth, 
varies from its true place, if seen from the centre 
of the Earth, one degree. Now draw a circle, and 
divide it into 360 equal parts, called degrees. Let 
one of these degrees be called the arc ; draw a 
line from each side of that arc, in the centre of the 
circle. Observe what proportion exists between 
the length of the arc of 1 ° and the radius of that 
circle. Suppose the radius is 60 times as long as 
the arc. You now have a proportion gained for 
use. The semi-diameter of the Earth which makes 
this arc of l^,you may call in round numbers 4000 

What instrament is used Ibr finding degrees and mouHw in 
the heavens'? How mav the Moon's distuice be kncHK if Hi 
parallax 7 What other illustration can be given 1 
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miles ; which multiplied by the radius 60, makes 
240 thousand miles, the distance of the Moon from 
the Earth. 

Again, Let us suppose the observer to be under 
the equator, with the Moon perfectly vertical. He 
then sees it in its true place among the stars. But 
when it rose that evening, it would appear!^ east 
of its true place, and when it set it would appear 
1° west of its true place ; a difference of 2^ from 
its place of rising and its place of setting. This 
would be occasioned by the diurnal revolution of 
the Earth, making the observer's place vary the 
whole diameter of the Earth's orbit, which we call 
in round numbers 8000 miles. Draw the circle, 
and take an arc of 2 degrees. Find the proportion 
between the ai^c of 2°, and the radius, which we 
will call as 1 to 30. Now multiply 8000 miles, 
which subtends an arc of 2° at the distance of the 
Moon, by 30, and you have as before 240 thousand 
miles. 

With the quadrant^ or with the micrometer in a 
telescope, observe how broad the disc of the Moon 
seems, and it is found to be 3H'. This is its ap- 
parent diameter. If 1° at the Moon's distance is 
4000 miles, then 31i minutes, or something more 
than i^ will be a trifle more than 2000, or 2180 
miles? which is the real diameter of the Moon. 

Thus the distance of the Moon from the Earth, 
and its magnitude, are satisfactorily ascertained. 

In one part of its orbit, the Moon is nearer to the EUirth, than 
its opposite. When nearest, it is said to be in Perigee ; when 
remotest, in A-pogce. The medium between these, is called 
its mean distance. 

How can the Moon's diameter be known ? 

When is the Moon in perigee 7 When in apogee 7 
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The dturnal parallax of the Sun is so small, 
that it becomes more difficult to determine with 
perfect accuracy what it is ; and an error of a few 
seconds in the observation, would occasion an error 
of millions of miles in the estimated distance. But 
Dr. Halley has the honour of having discovered 
and described, an effectual method of obtaining the 
true parallax of the Sun. This is by observations 
of a transit of Venus taken in different parts of 
the world, and compared together. He gave the 
necessary directions for such. observations, 90 years 
previous to the transit of 1761. A compliance with 
his rules by astronomers in 1761, and in 1769, has 
demonstrated, that the Sun's true parallax is about 
8^", and its mean distance 95 millions of miles. 

TRANSIT OF VENUS. 

The following illustration of the transit of 
Venus is from Guv ; and though rrtore lines and 
more explanation would be needful to render it 
perfectly correct as a mathematical demonstration, 
it may aid the learner in appreciating the impor- 
tance and utility of such transit. 

Let S (Plate iv. Figure 6,) represent the Sun, 
and V V Venus at the beginning and end of her 
transit, as she would appear from the Earth's cen- 
tre ; also £ £' be the corresponding positions of 
the Earth at those times. 

Then, if the observer were situated at O, the 
centre of the Earth, when Venus entered on the 

What difficulty attends determining the distance of the Suni 
Who diaoovered an accurate method of finding the Sun's true 
pBiallax 1 What were the results of observationB on the tranaiia 
of VenuB in 1761 and 17697 How can this be illuatrated by a 
plat«1 
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solar disc, she would appear as a small black spot 
at A% and the true place of both her and the eastern 
limb of the Sun would be s. But if the observer 
were situated at any point on the Earth's surface, as 
P, the apparent place of Venus would be at v, and 
the apparent place of the corresponding limb of the 
Sun would appear at P ; and consequently Venus 
would appear to the eastward of the Sun, by a 
space equal to the arc v P, which is the difference 
of the parallaxes of these two bodies. 

Hence the immersion of Venus would not take 
place so soon to an observer at P, as to one at C, 
by the time she would require to describe the ap- 
parent arc V P. 

Now, as the transit always takes place during 
the inferior conjunction of the planet, the motions 
of both Venus and the Earth will then be from east 
to west, while the motion of the Earth on its axis 
is in a contrary direction. Consequently, while 
Venus and the Earth move in their orbits from V 
10 V, and from E to E',*the point P, which at the 
commencement of the motion was west of the cen- 
tre, will at the end of it be on the east of it, as at 
P'. Hence the observer, who was supposed to be 
situated at C, would perceive Venus just leaving 
the Sun's disc, and her apparent place would be 
s' ; white to the observer at P, her apparent place 
would be at v' and that of the Sun's western limb 
at P. The apparent distance of Venus from the 
Sun at the end of the transit is therefore the arc v* 
P, which is equal to the difference of the paral- 
laxes of tlu> Sun and Venus, as before. 

Consecjuently, the time of the duration^ as ob- 
served at the point P, will be less than the abso- 
lute duration, bv tho time which the planet would 
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require to describe the two apparent arcs v P and 
v' P or tioice the difference of the parallaxes of the 
Sun and the planet. 

PARALLAX OF THE SUN. 

Here it will be assumed, that the transit of Venus, 
has given the Sun's horizontal parallax, as 8^^". 
Draw a circle sufficiently large to have the 360° 
divided in 60 parts each, called minutes, and the 
minutes divided into 60 parts each, called seconds. 
Take 8^ of these seconds and draw lines from each 
side of them to the centre of the circle. Ascertain 
the proportion between the arc of 8^" and the 
radius, or one of those lines. Suppose it to be as 
1 to 24 thousand. That 1 in the arc is the somi- 
diameter of the Earth, whicTi in miles is 3964. 
This number, multiplied by 24 thousand, will give 
95 millions of miles, the true mean distance of the 
Earth from the Sun. 

Now if the angle of 3964 miles, the distance 
from the centre to the surface of the Earth, seems 
at the Sun, but 8^", therefore for every 8i" in the 
apparent diameter of^he Sun's disc we must com- 
pute 3964 miles. 

Its mean apparent diameter is 32' 1", which 
reduced to seconds is 1921". Multiply 1921" by 
3964 and divide the product by 8 J", and you have 
the Sun's real diameter, whicli in round numbers, 
is 890 thousand miles. 

The Tast imparlance of correct observations of a transit ol 
Venus, is thus clearly seen, as it enables man to throw his raea- 
suring line through millions of miles in space, and ^auge the 
mighty dimensions of tiie " Sun shining in his strengtli." Yet 
this is but one item in many, of its high utility. 

When the true parallax of the Sun is found, how determine 
its distance— its magnitude ? 
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About the commencement of the 17th century, 
Kepler of Wirtemberg, in Germany, by his obser' 
vations and discoveries laid the corner stone ot 
modern Astronomy. He discovered the exact pro" 
portions in the distances of the planets from the 
Sun, before the precise distance of any was known* 

PROPORTIONAL DISTANCES. 

Kepler discovered, by calculations founded on 
a series of the most accurate observations, that 
the squares of the periods, in which any two pla- 
nets complete their revolutions in their orbits, ate 
proportional to the cvhes of their mean distances 
from the, Sun. 

This proportion requires illustration^ Let the period of the 
Earth's revolution, be called 12 months, and the period of Me> 
cury's revolution, 3 months. By the Sun's parallax learned from 
a transit of Venus, the Earth's distance is 95 millions of miles. 
By Kepler's law, the dbtance of Mercury firom.the Sun is to be 
sought. 

The 6q%iare of any number, is that number multiplied by itself. 
The square of two is four. 

The cube of any number is that number multiplied twice by 
itself. The cube of 3 is 27; for 3 times 3 are 9 ; tod 3 times 
are 27. The period of the Earth's revolution 12 months, whid 
multiplied by 12, makes its square 144. The cube of the Earth 
distance^ 95 millions multiplied by 95 millionii and that prodiict 
by 95 miUions. 

This round^ sum is again to be multiplied by 9, the square ot 
3, the period in months, in which Mercury revolves round the 
Sun. Next, the whole product is to be divided by 144, and the 
cube root extracted, which will leave 37 millions of miled as the 
mean 'distance of Mercury. 

What discovery did Kepler make respecting the proportional 
distances of the planets 7 

How may this be illustrated 1 What is a square? What Is 
a cul>e7 How determine tlie distance of Mercury from the 
Sun by knowing- the period of the Earth's revolution, its mean 
fllistance fronvthe Sun, and the period of Mercury's revolution 1 
How deiarminc th9 distance of Jupiter 1 
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Both the Htedent and the reader^ are requested to fitt out an 
inlditional illustration of Jupiter's mean distance. 

It will be obvious, that if the true distances from 
the Sun, of the Earth and of each of the other 
planets can be ascertained, the nearest approach 
of each other planet to the Earth, and the remotest 
distance of each from the Earth can be known. 

If Venus is 68 millions of miles from the Sun, and the 
Earth 95 millions, subtract the 68 from the 95, and you have 27 
millions of miles, the distance of Venus in its iiiferior conjunc- 
tion. To the distance of the Earth from the Sun, add the dis- 
tan<% of Venus from it , and you liave 163 millions of milt-s, tho ' 
distance of Venus in its superiot conjunotion. 

When the ^rtfc distance, of each planet from the 
Earth, is thus ascertained, and their apparent dia- 
meters exactly measured, their real magnitudes 
can be known. 

RELATIVE HA0NITUD£8« 

With a knowledge of their real magnitudes, the 
proportions in their magnitudes can be estimated; 
for all spkereSf or globes, are in proportion to one 
another as the cubes of their diameters. 

For illustration, let the diameter of the Earth be called in 
round nui«l)er8 8 thousind miles; and the diameter of Jupit*^ 
90 thousand miles; in both cases a triiie exceeding their real 
diameters. The culie of Jupiter's diameter is 90 thousands^ 
multiplied by 90 thousands, and that product by 90 thousands, 
making 729 millions. The cube of the Earth's diameter is 8 
thousand niiles multiplied by 8 thousands, and that product by 
8 thousands ; amounting to 512 thousands, by which divide T29 
millions, the cube of Jupiter's diameter, and the result will be 14 
hundred ; proving that Jupiter has about 14 hundred times the 
bulk of the Earth. 

If the distance of each planet fn m the Sun is known, how 
deteriuino their distance Ironi the Earth and their magnitudes ? 
How would you illustrate this? . . , 

How can the comparative magnitudes of spheres be knownl 
flow would you illustrate this 7 

8 
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" To determine the area of surface in a sphere, 
multiply the circumference by the diameter. 

" To determine the cubical contents of a sphere, 
multiply the area of surface by fth of the dia- 
meter." Watts. 

Thus we learn, of what incalculable importance 
to science, are correct observations of a transit of 
VeniLS, No wonder, that all ranks and conditions 
of our race, feel interested in that event. 

The governments of Europe, fitted out expeditions to diflerent 
parts of the Globe in 1761 and 1769, and men of science en- 
countered perils by sea and by land, fo^ the express purpose of 
observing ttiese tnuisitik And millions of eyes^ were intensely 
gazing pn a dark spot crossing the disc of the Sun. 

The methods of estimating the densities of the Earth and the 
heavenly bodies, belong to PhyaiaU Astronomy^ to which the at- 
tention IS next to be turned. 



CHAPTER XVIII. 

PHYSICAL ASTRONOMY.— GRAVITATION. 

The mind may now advance, to that sublime de- 
partment of science called Physical Astronomy ; 
which developes the laws of motion^ or the unifor- 
mity in which their resistible energies of their. 
Author, govern the mighty movements of mate* 
rial worlds; . 

That property in bodies, which is manifested 
in a tendency to approach each other, is called 
attraction. 

The magnet attracts the needle. This is called the cUtraction 
qf magnetism. The feather, suspended near an electrical con- 

How can the area of sur&oe in a sphere be estimated 1 How 
can its cubical contents be determined 1 

What evidence has been given of the deep interest taken in 
the transits <rf Venus? 

What b ATTBACTIOK 7 
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ductor, is attracted by it. Tliis v termed the attraction of elec- 
tricity. The particles of matter in solid bodies, commonly adhere 
together in a greater or less degree. This is called the attraction 
qf cohesion. Bodies in general, appear to have a tendency to- 
wards each other ; ^his general tendency, is called the attbao 

TION OF GBAVITATION. 

Indistinct views, of the manner in which the 
attraction of gravitatiofi is manifested in the mate- 
rial universe, appear to have been possessed by 
Copernicus, Kepler, Hboke, and others. But the 
genius of Newton, was destined to develope its 
admirable simplicity and omnipotent energy, and 
thus immortalize his own name. 

Reclining under a fruit tree, and witnessing the fall of an apple 
ihe fortunate perhaps entered Newton's mmd; * Perhaps that 
same principle which made the apple fall extends to the Moon 
and binds it in its orbit. This mere hypothesis as it was at the 
first, prepared the way for him, sometime afterwards, to unfold 
thesublimest truths of the sublimest of the sciences. 

Here may be announced the la%vs of gravitation. 
Equal quantities of inatter, at equal distances^ 
iave equal attraction: hut attraction diminishes, 
as the squares of the distances increase. 

Some illustration may be useful. Call the dis- 
tance, from the centre to the surface of the Earth, 
in round numbers, 4 thousand miles. The Earth's 
semi-diameter now constitutes an unity and call 
that unit one pound weight. Remove that one 
pound, a second semi-diameter from the Earth's 
centre, or 4 thousand miles from its surface. Twice 
two are four. Its tendency to the Earth, would be 
i what it was at its surface. Remove it another 4 
thousand miles, and its tendency would be -^ as 
great as at the Earth's surface, for 3 times 3 are 9. 

What different kinds are there 7 . 

By whom were the laws of attraction developed 1 What tva 
(bey 7 How Ulustiate them 1 
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Remove it to the orbit of the Moon, its tendency 
would be TTjVir part as great as at the surface; 
for the Moonjs 60 semi-diameters of the Earth 
distant from it, and 00 times 60, are 3600. 

The semi-diameter of the attraeting body, is to be used as an 
unit in determining thfe power of its attraction at given dis- 
tances. 

By the laws of gravitation, it is estimated that if no force were 
felt at the Moon but the attraction of the Earth, it would be 
drawn to its primary in less than 5 days. Were no force but 
this centripetal force^ acting Aipon the planets, Mercury would 
be drawn to the Sun in about 15 days, Venus in 40 days, the 
Earth in' 65 days. Mars in 121 (kys, the Asteroids in less than 
1 year, Jupiter in about 2 years^ Saturn, in about 5 years, and 
Herschel in about 15 years, and the Comets from 11 to 100 yeans. 



CHAPTER XIX. 

CENTRIFUGAL FORCE. — DENSITIES OF THE SUN 
AND PLANETS. 

In Natural Philosophy, one essential pro 
perty of matter is called inertia. That is, if mat 
ter be supposed to es^ist in a state of rest, it mast 
forever remain at rest, unless some force from with^ 
out itself should put it in motion ; or if in motion^ 
it would moTe in a straight liile forever, if no force 
without itself operated to prevent the continuance 
of such motion. How irresistible then the evidence, 
that the motions of the material universe were 
not self-originated ; but are the designs of Infinite 
Wisdom, and the impulses of Omnipotent Good- 
ness. Conceive the Earth, with all its kindred 
bodies in the solar system, when created, to have 

With no counteracting influence, how soon would attraction 
draw Mercury to the Sun ?— Venus 7— the Earth 1— the other 
planets? — the comets'}- 

What is inertia ? From known properties of matter, whal 
mcxral conclunon seems Unavoidable 1 
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received from the Almighty Architect only that 
energy for movement called attraction ; how soon 
must all the planets and comets of this system, 
have been drawn by their centripetal forces, to one 
common centre and one entire mass. But that 
energy which inscribed the law of attraction on 
material worlds,, gave other displays of Omnipo- 
tence. A mighty impulse was imparted to the Sun, 
musing it to turn on its axis and impelling it in 
space ; astronomers know not in how vastly ex- 
tended an orbit. The same energy, imparted to 
Mercury a force acting at right angles .with the 
'Centripetal force which should balance it. This 
balancing force is called the centrifugal force, 
because it tends to make the body fly from the 
centre. And as the attractions of the Sun, are 
more powerful at 37 millions, than at 95 millions 
of mile^, the centrifugal force, to balance the cen- 
tripetal, is more powerful than at the Earth, caus- 
ing Mercury to revolve in its orbit, with the won- 
derful velocity of 106 thousand miles the hour. 
See Plate v. Figures 4 ?Lnd 5. > 

When the centrifugal forde waa given to the planets, -it ap- 
peals to have been ^ven to the centres of the secondaries^ causing 
one rotation on their axes, whije they revolved once round their 
primaries. But with^ the primaries, the force seems to have been 
applied not to their centres, but to their surfeces ; giving them 
double motion, one<on their axes, the other round the Sun. . 

DENSITIES OF THE SUN AND FXANETS. 

The practicability, and methods, of estimating 
the densities of the Earth, and even of remote 
worlds, can now be understood. 

What is the centripetal force ? What the- cenirlfugal force 7 
Why -will Mercury revolve with greater velocity than the Earth 1 

How does it appear that the centrifugal force was imparted 
to secondariea ?--to primariea 7 

8*' • 
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. From patient and protracted investigations, it 
is estimated, that the mean density of the whole 
Earth, is about 5 times as great as water ; that is, 
it would weigh five times as much, as if it were 
composed wholly of pure water. 

Numerous and careful experiments were made, on the moun- 
tain Schehallien iii Scotland,' by Dr. Maskelyne, with a plumb 
line, to determine the attraction of the cuHc miles in the mass 
of that mountain, compared, with the attraction of all the cubic 
miles of the Earth. The influeiite of that mountain on the 
plumb line, led to the conclusion that the density of the Earth 
18 4i times greater than water. But Maskelyne called the 
mean density of the mass of matter in Schehallien only 2i, 
while Professor Playfair, has since estimated its mean density 
at 21, which will make the density of the Earth, 5. Expen- 
ments by Cavendish, make it a fraction more than 5. And it is 
a remarkable fact, that the most recent experiroente, best agree 
with Newton's own theoreticcU opmiona on this subject 

The density of the Earth being known, the de- 
gree of attrs^ction it exerts on the Moon at 240 
thousand miles distance, requires a centrifugal 
force to balance it, which causes that satellite to 
revolve round its primary in 27i days. Jupiter's 
nearest satellite is about the same distance from its 
primary as the Moon, but that revolves in 1 day 
and 18^ hours, therefore, the attractions of Jupiter 
are much stronger than those of the Earth, prov- 
ing it has more than 300 times as much matter ;, 

What is the estimated density of the Earth 7 

Who made experiments in Scotland for this purpose 7 What 
v^as his estimated density of the Earth 7 What did he call the 
density of Schehallien 7 What is Professor Playfair's estimate? 
What infercrence results from it 7 What is Cavendish's esti- 
mate? What Newton's theory? 

If with five times the density of water, the Earth attracts the 
Mooo at 240 thousand miles distance, so much as to require a 
centrifugal force, which should propel it round the B^irth in 
27} days, how much more matter must there be in Jupiter, 
nnce the nearest satellite revolves in 1 day and 181 hours 1 
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but wh^n the bulk of that planet is considered, it 
is found, that the mean density of Jupiter is only 
i that of the Earth, or 1-}- that of water. 

Whep the distancea and periods of revolution, of Jupiter's 
other satellites are correctly estimated, each gives the same result 
in the density of that primary. By a similar process the densities 
of Saturn and Herschel can be estinlated. 

It is easy to perceive, that by this process the 
density of the Sun can be found. The attraction 
it exerts, in proportion to it» magnitude, is /balan- 
ced by centrifugal forces in the relative velocities 
of planets, more near, and more remote from it, 
equal to a density 1 tV that of water. 

The densities oi planets \v\i\ch have no satellites, 
are best learned by accurate observations, of their 
attractions on other members of the so|ar system. 



CHAPTER XX. 

ORBITS OF THE PLANETS. MUTUAL ATTRACTiONS. 

When theories are substituted for a careful 
investigation of facts, error will be perpetuated, 
and truth remain undiscovered. Cpperhicus and 
Galileo, considered the orbits of all the heavenly 
bodies perfect circles, the circle being the simplest 
curve line. Facts have overturned that theory, 
and proved all their orbits to be eUiptical. 

Kepler, by a patient observation of the motions of Mars, found 
they could not be reconciled with that theory. He then suppos* 
ed the orbit of that planet an ellipse, with the Sun in its centre. 

Knowing the bulk of Jupiter, what then niudt be its density 7 
Will a Biniilar process determine the densities of other planets 
and of the Sun 1 

What was onoe supposed to be the fomto of the orbits of the 
pknetfl Who disoo^nwd their true foniul 
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This did not agree with accurate ohservations of its direct, retro- 
grade and sfatioTiary appearances. His next hypothesis was 
fortunate. He supposed the orbit of Mars an ellipse, with the 
Sun in one of its foci. Observations Confirmed tliis as truth. 

To draw a circle, one leg of the dividers is stationary, the 
other is turned round it. , To draw an ellipse, or oval Jgure, 
gne end is drawn ^with a leg stationary at one point, axid the 
other end with a leg stationary at another pdnt These stadon- 
ary points are the foci of that ellipse. The distance between the 
centre of an ellipse and one of its foci, is called its eccentricity. 

Kepler had the honor to discover, that the orbits 
of AJLL the planets are elliptical, having the Sun in 
their lower focus. Their eccentricities may be seen 
in the tabular view of the Solar system, page 29^ 

Mercury's orbit, having* an eccentricity of 7^ millions of miles^ 
will have its per-Utelion^ 15 millions of miles nearer to the Sun, 
than its ap^lion. The eccentricity of the orbit of Venus, being 
only half a million of miles, its perihelion varies but 1 million 
of miles from its aphelion. Addition, or subtraction, Of their 
respective eccentricities,^©, or from, their respective mean dis- 
tances, will give the aphelion, and perihelion, distances of all 
the other planets. 

The eccentricity of the Earth's orbit, is 1 million 
and a half miles ; making its perihelion distance 
about 3 millions of miles less than its aphelion dia^ 
' tance from its centre of motion. 

This is |)roved from the Sun's disc having about 1' greater 

Erent diameter, the beginning of January, than at the be- 
ing of July; and by the snorter period, which elapsetf 
een the autumn^ equinox and the vernal, thus between 
the vernal and the autumnal ; owing to the Earth's greater 
velodty in its orbit, when nearest the Sun. 

Two forces, which exactly balance each other at 
right angles, when operating in an ellipse with the 
centripetal force in one of the foci, will produce 

What is an ellipse ? What its foci 7 What its eccentricity 7 
When is a planet in its aphelion ? When in its perihelion ? 
How can the elliptical form of the Earth's orbit be proved 1 
What is its eccentricity? 
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accelerated motion, from the aphelion foint to the 
-perihelion point, and retarded motion from the 
perihelijn to the aphelion. 

K • »li^r disc )vere<l, t mt Uiies drawn from each of any two 
pld lets U the Sun, w.^uld pass over equal areas of space in 
equal tiinofl, and that the same is true respectmg any planet at 
uneqail dfstan:»3 from its centre^ of motion. This fact gave 
bin a key to the proportionate distances, among the planets. 

Kindred laws are found- to be gpverning the 
comets, though moving in orbits vastly more ellip- 
tical tha 1 the planets. The eccentricities of comet's 
orbits, vary from I million and a half, to more than 
6 thousand millions of miles. 

MUTUAL ATTRACTIONS. 

While the Sun attracts the planets, they attract 
the Sun. If all the other planets were in a direct 
line between Herschel and the Sun, that luminary 
would be attracted, almost the whole of its dia- 
meter towards th^m. 

When the motion of one planet, ip its orbit, is 
forward of another, its attraction will accelerate 
the motion of the planet that is following; but iU 
own velocity will be retarded by the other. 

Primary planets, not only affect the motions df 
each other, and of their own satellites, but they, 
and their satellites, affect the motions of other 

If two forces balance each other at right angles, when, will 
there be accelerated motion ? 

What other discovery did JSepler malie 1 What is its great 
utility. -. . T ■ 

How much does the eccxjntricity of the orbits, of the comets 
vary ? What is said of mutual attractions among the heavenly 
bodies ? When will the motion of a planet be accelerated 1— 
When will it be retarded ? 

Digitized by CjOOQIC 



94 SPHEROIDAL FORMS OF THE PLANETS. 

satellites. More than 50 disturbing attractions, 
are to be taken into the account, in constructirug' 
tables^ from which, the Moon's true place^ can be 
known with perfect accuracy. 

The Moon's orbit is elliptical, and its attractions, 
cause the Earth to revolve round their common 
centre of gravity, 2000 miles distant from the 
primary. See Plate v. Figure 6. 
- The Moon's perigeee, and nodes, change their places, and 
make one complete revolution round the Earth, in something 
more than 18 years. ' Some general correspdndence, between 
eclipses, and harvest Mooiis, will, therefore, occur every 19th 
year. • . 

CHAPTER XXI. 

fl^HEROlkDAL FORMS OF THE PLANETS. — ^ZODIAC. 

CAUSE Ot THE PRECESSION OF THE EQUINOXES ; 
AND NUTATION OF THE EARTH's AXIS. — NEW 
STYLE. — ^DIMINISHINO OBLIQUITY OF THE ECLIP- 
TIC. 

When we see a globe in motion, on an axis, it 
becomes at once apparent, that its equatorial sur- 
face, will revolve through a greater portion of 
space, in a given time, than any intermediate point 
between that and either pole. Conceive of a globe, 
called into existence, with so mtich fluidity of mat- 
ter, that its form might easily be changed, and let 
it be set in motion on its axis, it would not remain 

How many disturhing influences must be considered to con- 
struct tables of the Moon's place with perfect accuraby ? What 
is the form of the Moon's orbit 1 

How lone- a period is required for a revolution of the Moon'i 
nodes 1 What consequence follows ? 

What u obvious with a globe in motion 1 
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spherical^ but become more elevated at its equator 
and most depressed at its poles ; because, the par- 
ticles of matter near its equator, would have the 
most centrifugal force^ and those near its polea^ 
the least. The degree of velocity, in its equatorial 
motion, joined to its density, would determine the 
degree in which it would become spheroidal. 

We might expect, therefore, that Saturn would be mora 
flattened at its poles than Jupiter, this last, more than the 
Eartli, and Mercury still less. Observation confirms this 
theory. 

■It 18 not neces^ry to suppose, that the planets harm aequited 
their spheroidal forms by long rotation on their axes, any more 
than it is needful to suppose, Siat the first oak or the first acorn, 
were as long in acquiring their specific forms as their suoocs* 
sors. We chod^ rather to betfcvc, that the Creator launched 
the planets into the heavens with essentially the same lbrm& 
which laws then inscribed upon tkem, are adapted to perpe- 
tuate. . ■ 

In one part of the orbit of Saturn, the Sun is 30 degrees north 
of its equator. The squares of the distance, between the Sun 
and the rings of Saturn, are less, than between the Sun and the 
planet itself; consequently, those rings will he attraicted north, 
and the Sun in passing to the southern hemisphere, will be ver- 
tical over the centre of the ring^ sooner than over the £<;^tor 
of Saturn. Similarefltbcts, will attend the Sun's infiuence m the 
opposite hemisphere; These remarks, will aid in the Illustra- 
tion of phenomena in the heavens, resulting from the same c^use, 
in its operation on the spheroidal form of the Earth. , 

To render this subject intelligible, th^re is occa^i 
sion to describe an imaginary belt in the heavens. 

'■ ■ ■ ■ i. y ,. — - , ■......■ ■ 

If its matter could easily diange its po^tion^ what fi>nu 

would it take 7 What causes are to be considered in pruduciag 

a spheroidal figure 7 

Which of the planets is most spheroidal 1 Is it necessary to 
suppose the planets have acquired their form from their rota- 
tion 7 Why not ? How broad is the torrid zone in Saturn 1 
What influence will the Sun's variation north and soutt; haro 
Ob the position of the rings 7— and on the Equatoir 7 
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The Sun's apparent annual patlt^ and the real 
orbit of the Earth among th^ stars, is in the Eclip- 
tic, an imaginary line« in the centre of a zone in 
the heavens, called the Zodiac. 

This zone is 16^ broad, contains the orbits of all 
the planets except 3 of the Asteroids, and is divided 
into 12 equal parts, called the . 12 . signs of the 
Zodiac. 

The names, and characters, of the 12 signs, with 
the time of the Sun's entrance into them, are as 
follow : 

I. Aries, T, or the Ram; March 20th. 
"2. Taurus, «, the Bull; April 20th. 

3. Gemini, Jlt the Twins; May 21st. 

4. Cancer, St the Crab; June 21 st. 

5. Leo, £l, the Lion ; July 23d. 

6. Virgo, lU!, the Virgin; August 23d.. 

7i Libra,. ^^ the Balance; September 23d. 
8^ Scorpio, tri, the Scorpion ; October 23d. 

9. Sagittarius, t » the Archer ; November 23d. 

10. Capricornus, V3, the Goat ; December 23d. 

II. Aquarius, ±,, the Waterman; January 20th. 
12. Pisces, ^, the Fishes ; February 19th. 
The first six, are called northern signs, lying 

on the north side of the Equator ; and the last six 
southern^ lying on the south side. 

The signs V3, 25, ^, T, b, 11, are called ascend- 
ing^ because the Sun approaches our north pole, 
while it passes through them ; and 2d, SI, ^, "^^ 
ni, X , are called descending, the Sun receding from 
our pole, as it passes through them. 

What is the Zodiac 1 How broad 1 How many siffiis in it 7 
Which signs are called northern? Which southern i Which 
•acendingi Which descending 1 
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PRECBSSION OF THE EQUINOXES. 

The number, arid the names of these aignsj will 
be recognized at once, as the same with the con^ 
stellations of the Zodiac. They, doubtless, had a 
common origin, and their places were together 
more than 2000 years ago; but they now vary 
more than 30^. Where the Sun's place among 
the stars, is the 20th of March, or the vernal equi- 
nox, is called the beginning of the sign Aries. If the 
Sun and Moon were always over the Equator, the 
solar, and the siderial year, would be, alike. When 
the Sun is at the summer solstice, his attraction on 
the elevated matter of the Earth at its Equator^ 
b^ing greater than if it were a perfect sphere, 
a^ects the position of this planet, to make the Sun 
cross the Equator, at the autumnal equinox, sooner 
than it would otherwise do. A similar effect, b 
produced in the southern hemisphere, in our win- 
ter. The attraction at the south, makes the vernal 
equinox occur sooner. The arrival of the Sun, at 
Ihe vernal equinox, precedes its complete apparent 
evolution in the Ecliptic, by 50" of a degree, or 
20' of time. Hence, it is called the precession of 
THE equinoxes. In about 26 thousand years, the 
Sun's place among the stars, at the vernal equinox, 
will have advanced from west to east, quite round 
the heavens, carrying the sighs with it. 

When ha(] the signs and constellatbns of the zodiac a com* 
mon location? How much do they now vary? How istfa^ 
beginning of the sign Aries reckoned ? When the Sun is at 
the summer solstice, whaf *^ect has it on the elevated matter 
at the Equator 7 What eflfect when at the winter solstice 7 How 
much does the vernal equini v each year prxcede the arrival of 
the Sun at the 8>ime point o *.h.e Ecliptic 1 What ia th«l0ii|^" 
0^8 great celestial period 
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The oonstelUitions of the Zodiac, remain immoveable^ and 
while the sign Aries is 50 seconds each year &rtber east, it k 
obvious, that it will be advancing through the stare of Pisces 
and Aquarius quite round the Zodiac. As the Moon revolves near 
the plane of the Ecliptic, it will exert a similar influence, which 
a&cts the return of the equinoxes. 

NEW 8X¥LE. 

Here, we may consider the difference between 
a siderial, a solar, and a Julian year. A siderial 
year is the time required for the Sun to perform a 
complete revolution in the ecliptic ; which is 365(f. 
6A. 9' and IH". The solar or tropical year is 
from one vernal equinox, to another ; which is365df. 
6A. 48' and 48". A Julian^ or civil year, is either 
365 or 366 days. 

To reckon time by Julian years, one day is add- 
ed to February every fourth year ; which is called 
Bissextile^ or Leap year. This being about 11 
minutes longer than the solar year, would gra- 
dually change the times, both of the equinoxes. 
and the solstices* Pope Gregory XIII. reformed 
the calendar, and in 1752, the British Parliament 
introduced New Style, into England and all her 
colonies, by calling the 2d of September, the 13th 
of September, and changing the beginning of the 
year from the 24th of March, to the 1st of January. 
This will explain the reason, why some years in history, di- 
recdy after the adoption of New Style, were written January, 
1767—8. According to Old Style 57 ; to JSew 58. 

While 11 days were thrown out of the calender, 
it was determined, that the first leap year in each 

What other cause is affecting the return of the equinoxes 7 

What is the difference between a siderial year, a solar year. 

and 9LJvXi(m year? What isNiwSTVLKl When adopted 

bj theEn^lishl What measure is to be adopted to keep the 

vemoJ equinox firom variation 1 % 
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century, for three centuries in four^ should be 
thrown out ; or called a common year. This mode 
of reckoning, will prevent; the vernal equinox from 
varying, one day, in twenty thousand years. 

DOMINICAL LETTER. 

The first 7 letters of the alphabet are commonly 
placed in the annual almanacs, to show on what 
days of the week the days of the months fall 
throughout the year^ And because^one of those 
7 letters must necessarily stand against Sunday, it 
is printed in a capital form, and called the Domi- 
nical letter : the other six are changed to figures. 

When January begins on Sunday, A is the 
Dominical, or Sunday letter. If it begins on 
Monday, B is the Dominical letter. If on Tues- 
day, C, dC'C. till the series of letters of the alphabet 
are used answering to the same days of the week. 

Suppose the Dominical letter be required for 
tfie year of Christ 1835, new style, I look for 
1800 at the head ci the Dominical letter table, 
on the next page, mA for 35 at the left hand of 
the same table; and in the angle of meeting, I 
find F, which is the Dominical letter for that year. 

There are always two Dominical letters to the 
leap-year, the first of which is used till the 5Mth 
of February, the last for the following part of the 
year. 

How can the Dominical letter be found for any given year 1 
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Tavl% far 'finding the Dominical Letter Jot 2400 yean. 
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PIHINI8HING OBLIQUITT OF TUK ECLIPTIC. 101 
NUTATION OF THE EARTH's AXIS. 

The attraction of the Moon, on the elevated 
matter of the Equator^ is slightly affecting the 
parallelism of the Earth's axis. That is, the north 
pole does not point, precisely, in the same direc- 
tion in the heavens one year as another, but varies 
with the variation of the Moon's nodes, and pointa 
of apogee, and perigee. The greatest extent of 
their variation^. is less than 19^' (^ a degree, and is 
periodical in between 18 and 19 years. This may 
be called the Nutation of the Earth's Aiis. 

DIMINISHING OBLiaUITY OF THE ECLIPTIC. 

' Complicated attractions, are affecting both the 
equinoxes, and the angle which the Ecliptic makes 
with the Equator. Consequently, for some thou- 
sands of years, the obliquity of the Ecliptic has teen 
diminishing. More than 2000 years ago, it was 
found by observation to be about 23° 51'. Later 
observations haive proved it diminishing, till it is 
now a trifle less than 23° 28'* From these pre- 
mises, the conclusion was once drawn, that the 
torrid zone would continue to have its dimensions 
contracted, till the Sun should be vertical the whole 
year, at the Equator. But La Place asserts, that 
it admits of mathematical demonstration, that this 
variation of the obliquity of the Ecliptic is confi- 
ned within narrow Hmits, and can never exceed 2° 
and 1^ of a degree. Science thus unintentionally 
confirms the promise, that summer and winter, 
seed-time and harvest, shall not cease. 

What is the nutation of the Earth's axis? 

How much has the obliquity of the Eksliptic diminiBhei) in 
2000 years ? What cftect has this on the breadth of the tonrid 
zone'? What is the fuli extent to which thi^ variatloft ettta 
•rrlve^ according to L& Place 1 

9 * 
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CHAPTER XXn. 

TIDES. METEOROLOGY. 

Iv the Earth were at rest, and felt no influence 
from other material worlds, the laws of gravitation, 
as discovered by Newton, would keep the waters 
of the ocean perfectly spherical, as seen in Plate 
vii. Fig. 1. But daily experience proves that the 
ocean is agitated with continual ebbing and flow- 
ing, which we call tides. 

Or if the Earth had no motion on its axis, and 
the Moon no revolution round it, the waters of the 
ocean would become, and remain elevated directly 
under the Moon ; as seen in Plate vii. Figure 2. 
Consider the Earth as having a diurnal rotation 
on its axis from west to east, a tide would pass to 
the west every 34 hours. The Moon, however, in 
falling back to the east in its orbit so much, that 
it comes to the meridian about 50 minutes latet 
each day, therefore the tides will be later. The 
full effect of the Moon on the water, in accumu- 
lating it in tide, is not felt instantly ; consequently, 
the tide under the Moon becomes highest some 
hours ailer that luminary has past the meridian. 
This accounts for one tide in ^ hours and 50 
minutes. 

If the Earth felt no influence from other material worlds, and 
had no motion, what form would the waters of the ocean always 
exhibit 1 

What other appearance is dailv witnessed 1 What would be 
the state of the water, if the Earth had no rotation and the 
Moon no revolution ? If one of these motions existed without 
the other, what would be the result How much later is the 
Moon in the meridian each evening ? Why does not a tide 
acquire iti full elevation when the Moon is in the meridian? 
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When treating of gravitaiiun It was remarke<^ 
that its power diminishes as the squares of the dis- 
tance increase. While the Moon attracts the water 
nearest to it, more than the solid part of the Earth 
more distant, it will attract the fluids less on the 
opposite side, than it does the intermediate solids ; 
and this will cause, the water to rise in the nadir, 
when the Moon is in the zenith. This may be' il- 
lustrated by Plate vii. Fig. 4.. When the water is 
elevated two sides, it must be depressed on the 
sides at right angles. The rotation of* the Earth 
will, consequently, give two elevations and two 
depressions of the water, in 24 hours and 50 
minutes. 

It may also be remarked, that the mctions of the Earth on its 
axis, round the. centre of gravity between that and the Moon 
and even in its orbit round the Sun, may possibly all contribute 
to impart most centrifugal force to the water on that side of the 
primary, which is opposite to the secondary, and thus a tide 
would be raised. 

When the Moon is over the Equator, those two 
tides would be of about equal elevation in any 
given place, other things being equal. But if the 
Moon were 28^° north of the Equator, northern 
Latitudes would have the highest tide with the 
Moon in the meridian, and that corresponding tide 
would pass over the southern hemisphere I2i 
hours after. When the Moon is south of the 
Equator, the reverse of this would be true. The 
higher the Latitude, the more unequal these two 

What causes two tides in 24| hours 7 

When the Moon is highest in the northern hemisphere, which 
tide with us will be the most elevated 1 Which, when the 
Moon has greatest southern declination 1 How often will the 
tide then rise at the poles? What effects in tides, result from 
the Moon over the Equator between the polar circles 1 — at the 
poles? 
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tides. At the poles no tide would rise when the 
Hoon was over the Equator. At other times one 
tide would occur in 24 hours and 50 minutes ; and 
that would be highest, when the Moon was most 
remote from the Equator. 

Thus far, the influence of the Moon alone, has 
been considered in producing tides. But the Sun 
raises tide& likewise. At the change of the Moon, 
the influence of both luminaries will be combined, 
and the tides will rise very high. See Plate vii. 
Fig. 4. A similar effect results from their influence 
when in opposition, as seen in Plate vii. Fig. 6. 
These are called ^/>n7tg* tides^ and the Moon*s 
place sT/zygies, When the Moon is in quadrature^ 
as seen in Plate vii. Fig. 5, the influence of the - 
8un will diminish the tides. Those are called neap 
tides. 

The swell of the ocean, is not greatest with the 
Moon in the meridian, but a few hours aftervrards, 
and the spring tides do not occur precisely at the 
change and julU but about the third tide after, 
and the neap tides, as much after the quadratures. 

The Moon's distance from the Earth, and the 
distance of both from the Sun, are very variable, 
and these variations affect the tides. 

When the Moon is in conjunction, the attraction of the Sun 
is stronger on that, than on the Earth ; when in opposition, 
this attraction is strongest on the primeoy. In both cases^ it 
tends to separate them. At the quadratures, the effect of the 
Sun's influence, is to bring the Earth and Moon nearer together. 

What other cause but the Moon's influence as affecting the 
tides 1 When will the joint influence of the Sun and Moon 
produce the highest tides 7 What are these called ? Do they 
occur exactly at the Moon's syzygies 1 What are nxap tidbs 1 
When will they occur 1 

In what manner are the varying distances of the Earth from 
the Sun, and Moon from the Earth, affecting- the tides 7 
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Sach influence from tHe Sun will be strongest, when the Earth 
te in its perihelion, in January, and least soon ailer the summer 
solstice. The Moon's orbit is elliptical ; and from the retro- 
grade motion of its nodes, its perigee may lie either at tlte change, 
or at any intermediate point of its revolution. It will be obvious 
that all these diverse circumstances of the Sun and Moon, will 
diversify the elevation of the tides. 

Local causes are operating to produce a great 
diversity in the height to \yhich tides rise, when 
rolled into bays and mouths of rivers. In the bay 
of Fundy, actual observation has proved thai tides 
rise at some points to the enormous height of 70 
feet* At Boston, the unit of altitude in the tide is 
1 H feet ; at New-York, 5 feet ; at Charleston, S. C. 
6 feet. Storms, trade winds, currents in the ocean, 
obstructions from capes or islands, are all affect^ 
ing the power and elevation, which the swell ot 
the tide may have, at different points of contact 
with the land. But on every rock, and every sand 
bank, which for unknown ages has been lashed by 
the surges of this swelling and tempest tossed ele- 
ment, the devout mind finds the inscription from an 
invisible power, " hitherto shalt thou come and no 
farther^ and here shall thy proud waves be stayed.*^ 

As the atmosphere is more easily agitated than 
water, doubtless both the Sun and Moon raise tides 
in that. But this medium is too elastic and subtle, 
for the weather<oise, to found predictions on the 
changes of the Moon, which may be relied on with 
confidence. 

What is said of the operation of local causes on the tides 1 
What is the elevation of tides in the bay of Fundy 1 What at 
Boston ?— at New- York ?— at Charleston, S. C. What inscrip- 
tion can piety read on the shores of the oce^n. Are there other 
tides besides' tho«?e of water ? Can any reliance be placed on 
calculated changes of the weather from either the Moon's 
syzygiei^ or qu^jdntuxes') 
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HETEOROLOQV. 

The term Meteorology, is sometimes used to 
embrace atrfiospherical phenomena in general. But 
\ is here used in its moreTestricted sense, as relat- 
ing to Meteors. , 

The phenomena of shooting stars, as they are 
called in popular language, is very imperfectly 
understood. They are commonly at a small ele- 
vation only, in the atmosphere. In high latitudes, 
their appearance is most frequent, and they are 
supposed to be indicative of a change of weather. 

But a class of bodies, denominated meteoric 
stonesn have attracted much attention among man- 
liind. Cf edible accounts, both ancient and modem, 
of the fall of large stones from the atmosphere, in 
different 'parts of the world, are abundant. The 
times' and places of their fall, and the magnitudes 
of several of these, will be subjoined, after giving 
the following details respecting one, which fell in 
Connecticut, December 14, 1807. 

" About half past six o'clock in the momiTig, the people to 
the north of Weston, in Connecticut, observed a fire-ball issoing 
from a very dark cloud. Its apparent diameter yraa equal to 
that of hal^ or two thirds, of the. Moon ; its light waa vivid and 
sparkling, like that of incandecsent iron, and it left behind it, a 
pale and vraving luminous train, of a conical form, and ten or 
twelve times as long as the diameter of its body,, bat which 
was soon extinguished. This meteor, of which the apparent 
motion was less rapid than that of most otliers, continued viable 
for half a minute, during which it exhibited three successive 
bounds, with a diminution of its lustre. > About thirty or forty 
seconds after its extinction, there were heard during three se- 

What two defi^^iitions of Meteorology are given 1 What m 
shooting stars? 

In what latitudes are they most frequent 1 What remaik 
able bodies frequently fall to the earth 7 ' 

What particulars can be given of the one which fell in Coft* 
n«<'Ucut in 1807 7 
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condfl, thzee very loud reportS) like the firing of a fotir poimder 
at a little distance ; and these were succeeded, by a more pro- 
longed and rolling noise. With the successive exj)lQsion8, 
■tones were darted m the environs of Weston, and even into the 
town itself. These stones were found in six different places, 
nearly in the line of the meteor's path, and from six to ten miles 
distant from one another. They fell in the presence of many 
witnesses, some plunging into spft soil, and others breaking into 
ftagments against the rocks on which th^y happelied to im- 
ninge. The most entire specimen weighed 35 lbs., but a much 
larger one Wasdashed in pieces against a rock of mica-slate ; and, 
from the amount of fragments collected, it yvas estimated to have 
weighed 200 lbs. At the moment of their fall, these stones 
were hot and friable ; but they gradually became hard by ex- 
posure^to the dir. They had the black external crust of other 
meteo^tes, and the usual gray cmereous aspect within,, with 
whiti^-gray particles, of a rounded form, impacted in the mass, 
and a general granular texture, in which were observable, 1. 
Globules orthe4iame nature with the stone, but presenting a 
more compact structure^ a more even fracture, and under a strong 
liffht, indications of a lamellar texture, with the appearance of 
felspar ; 2. Grains of oxyd of iron, of rust color ; and, 3. Shining 
yellow sulphuret of iron, disseminated in very i^inute grains. 
Their specific gravity varied from 3.3 to 3.6, and their analysis^ 
as reported by Warden, yielded, 



Silica, - - - 


- 41 


Alumina, 


. - 1 


Lime, - - - 


3 


Magnesia, - - 


- 16 


Oxyd of iron. 


30 


Manganese, - 
Sulphur, - - 7 


- - 1.34 
2.33 


Chrome, 


- - 2.33 
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The chief phenomena observed in meteoric 
bodies, are, Ist, Their sudden appearance ; 2d, 
Their rapid motion, with only a slight degree of 
inclination to the horizon; 3d, The loud and 
whizzing noise that attends theit descent; 4th, 

By whom was there an analysis of a portion of that made 1 
^^Miwas the result 1 
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The violent expl'o^ion that follows their bursting ; 
5th, The marks of f\ision which they bear, the 
intensity of their heat, and its gradual diminution; 
6th, The similarity of internal composition, and 
of external appearance, observed in every one of 
them; 7th, Their peculiar nature, which resem- 
bles that of no other terrestrial body, whether 
natural or artificial. 

Some of the meteorites are of small dimensions, 
and have fallen in the form of a shower ; but there 
are some on record of considerable magnitude* 
among which the following have been selected as 
examples. 

A stone weighing ^60 lbs. at Enisheim, in Ger- 
many, November 7, 1492. , 

A stone weighing 72 lbs. near Larissa, in Tur- 
key, January 6, 1700. 

A stone weighing 20 lbs. near Padua, in 1510. 

A stoniB Weighing 59 lbs. in Provence, Nov. 27, 
1627. 

A stone weighing 56 lbs, in Yorkshire, Dec. 13, 
1795. 

One stone of 200 lbs. and one of 300 lbs. near 
Verona, in 1762. 

This condenised view of the sublimest field in 
the whole range of the sciences, may be appro- 
priately concluded in the following lines from an 
elegant English ^poet. 

These are thy glorious works, Parent of good, 

Almighty, thine this universal frame, 

Thus wondrous fair ; thyself how wondrous then I 

To us invisibloi, or (Umly seen 

In these thy lowest works ; yet these declare 

Thy goodness beyond thought and pow'r divine. 

What are the u^ual attendants of tlie tall of meteoric stonesi 
Where, and when, luivc otlicrs fiillen 7 How is this chapter 
••ncIuJed ? 
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CHAPTER XXIII. 

EXPLANATION OF ASTRONOMICAL TBRX8. 

Abxabation of light, arbes from the molioii of llie fiiflh 

comUned with the motion of li^ht 
AccELEBATED MOTION, 18 that m which the vdodty » «Qnti- 

nuaily incieasing from the pmtinued adion of toe i 



Aeaomavt, e peraon who tiaviffietra the air in « ImAqqu. 
Altitude of any.oeleetial body, is ks neasMt dietinee lo llii 

homon. 
Analogous, ha\ing a relation or agreement to any tldnf 41m, 
Angle, the opening of twaliiiee meeting- in a poial» 
Annual, opcurrtns yearly. 
Annulab, reBemblng a ring. 
Aphelion, that point in the orbit of a planet, in vriHch il iigl 

its greatest distanoe from the Sun. 
Apogee, that point in the Moon's oibit^ femoteet fimtt the E^A 
Aqueous, watery, consisting of vapof, 
Abc, a portion of the dicumfcrenoe of a ciide. 
Atmosphcbk, that collection of vapoiai or hod|y of aii^ whkli 

surroumls the Earth. 
Attbaction, a property of matter by which bodfea ave nwile tti 

approach towards each other, without any oenfibla agMit 

«fther drawing or impelling them. 
AuBOBA, the morning twifidit which hegtna to app«|r nhm 

the Sun ts about eighteen degrees below the hpriinn. 
AuBOBA BoBBAu«, oHteorB observed in the tMlth, •ttppoaed to 

beoocasionod byelec^chy. 
Axis of the Earth^ or other planet, or of ^ Sun, an vomA- 

nary line paanng through its oentie^ irom one pole to lb 

other, round whteh it is supfiosed to perform its jotatkaa in 

stated periods 
Calobic, a modem term to denote th«t agnqr bj^hioh the 

phenomena of heat are produced 
Cbntbipugal poacE, that foroe by which any revobiag body, 

has a tendency io fly off from the centre of motion. 
Cbntsipetal fobce, that force by which anv lOwiNing be^T 

Is made to tend towards the centre of its om. 
Chbomombteb, a term commonlv used for a wrhiiio aoom- 

etracted, as to measure a amaU ppitifln of tiao fvitft tbi 

greatest aocuracy. 

10 
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CimcvMNATiOATs, to Bail round. 

CoLUBBs, two circles passing through the poles, and cutting 
the Equator at right angles ; one passes through the \° S 
Aries and the P of Libra, and is called the Equinoctial Co- 
lure ; the other through the V^ of Cancer and the V> of Capri- 
corn, and is called the Solstitial Colare. 

ComcAL, termina^ng in a point. 

Conjunction, is when two objects seen from tlie Sun, or the 
Earih, appear in the same point of the heavens, or answer to 
the same degree of the ecliptic. 

CoNSTXLLATiON, a number of stars which are imagined to form 
any particular animal or figure. 

CoHVimoBNCT, tendency to a common point 

CosMiCAL aisiNo and setting, is wh^n a star rises or sets at 
SuB-nse. 

CoBRvscATipi^ a sudden, transient gleam of UghL 

CoNVsx, curved, as the outside of , a globular body. 

Cube, any number multiplied twice by itmlf. 

Declination, the distance of a celestial body from the equinoc* 
tial. 

teoEBB, Che 360th part of eveiy circle. 

Dbnsitt, strictly s{>eakingr, denotes closeness cf particles, bu^ 
in mechanical science, it is used as a term expressing thu 

• queuility of matter in one body, by the quantity of matter of 
the same bulk in another body. 

'DiA«BAtt, a. mathematical scheme. 

OOiambtbb, is the line, which passing through the centre of a 
circle, divides it into two equal parts. 

'Iherr, the tw^fih pert of tlie apparent disc of the Sun (rr Moon. 

Disc, the &ce of the Sun 6r Moon, which on account of the 
ncBl distance of the object, appears flat, or like a plane sur- 

IhvBNAi, belonging to the day. 

'DivBBolNCT, an apparent receding of tw5 or more objects firom 

esch other. 
EccBNTBiciTT, the distance between the centre of an ellipse 

- and either' of its ibct 
Eclipse, an obscuration of light from one body by the inter' 
' position of another. 
Ecliptic, Hi gre^t cirele of the sphere, in which the Sun always 

appears to move ; so called because eclipses generally happen 

when the Moon is in, or near this circle. 
BMStsioN, tht time wheii any pbnet that ht^ been edipnd 
*' b^gini to TCcover itt light agam. 
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EavATzoK OF TIM B, 18 the difieience between tohr time^ and 

mean, or clock time. 
EfiUATOB, a great circle which aeparatee the northern from the 

tKHithem hemisphere. 
Equinoctial, a circle in the Jbeavens oonesponding to the' 

equator on the Earth. 
Equii¥0xb6, the two points where the Ecfiptic cuts the Equator. 

They arc so called, because when the Sun is in eitoer of 

these situations, the days and nights arc equal to each other. 
Foci, the pluial of focus^ are the two points in the transvene 

axis of a planet's orbit, distant from each other, twice the 

extent of the eccentricity. 
Galaxy, the milky way. 
Geocentkic place, the place of ft Celestial body as seen from 

the Earth. 
GiBBovs, ^protuberant, convex ; api^ed^ to the Moon between 

the quadrature and full It is abo applied to some of the 

planets. 
Gravitation, tending towarik the centre. 
Heliocbntbic place, the place of a celestial body at aeca 

from the SuiL 
HxTEBOOENBOue, RteniHy imports something of a diffimnt 

nature, in oppootion to homogeneous. 
Hemisphbbb, the half of a ffk>be or sphere. 
HoBizoN, a great circle of the sphere, dividing the Earth into 

two equal partfl^ its poles arc tne zenith and nadir. - 
Hypothesis, a supposition, a system formed upon some prin- 
ciple which has not been proved. 
Immebsion, the moment when an eclipse begins^ or when a 

planet enters into the dark shadow of the Moon. 
IivcLiNATioN, the angle, which the orbit of one planet makes 

with that of another, or with the Ecliptic 
iNkBTiA, a pasdve principle, by which bodies persist in a state ' 

of rest or mdtioA, unless prevented by some external force. 
Latitude, the nearest distance of any place on the Earth to , 

the Equator. 
Latitude of a planet, or stas is its nearest distance to tho 

plane of the Ecliptic. 
Like op the apsides, a line jdning the aphelion and peri- 
helion of a planet. 
Lonoitude of a place, is its distance, east or west, from tho 

first median, reckoned in degrees^ minute^ &c. upon tho. 

E^iator. 
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I^owoiTVPB of a iter, or other beatenly body, b ita distuiot 

cut fhmi' tfao beginning of the sign Ariei, redconed in degrees 

•nd minotee on the Ediptic. 
LoivAA, letatfaig to the Moon. 
LnvAm ASPBCT8, are those which the Moon makes with any 

of the other planets i as when she comes ta (^^tpositian, trine, 

quartile. 
Macvljb, dark spots appearing on the ihoe of the Son, Moon, ' 

and some of the planetsi Geing contia-distingui/Bhed (him 

Facnlft, which are bright or shining spots, that hy means 

of the teleeeope are, sometimes, to be seen on the 6oe of the 

Sun, die. 
MxAW MOTioM of a pbmet, is that which wouU take {rfaoe if 

it moved in a perfect drele, and passed through eqnal por- 
tions of it every day. 
MaarDiAM, a dfde posrinj^ through any particular place and 

thetwopulea. 
MtCBOMSTsa, an instrumeht by which the apparent magni- 
tudes of objects viewed through tefesoopei^ or midofloope^ 

are measured with j^reat exactness. 
Micaoscopc, an optical instrument, by means of which very 

minute objects are reprefleuted much larger, and viewed ^ 

tinctly at small distances. 
MiMUTB, the 60th [lart of an hoar, or degree. 
Naoxi, that Doint in the heavens, which is <firectly opponta 

to the aenito, or immediately under out feet. 
NsBULm ate telescoiM^ stars, having a cloudy appearance. 
Nonas, the two points where the orbit of a plan<^ or the Moon, 

Intenects the plane of the Ecliptic 
NoTAHDA, things to be iM)ted, or observed. 
NocLBus, a term used by some astronomers ibr the head of a 

eomet, aiid by others, for the central parts of the planeta. 
NvTATioR of the axis of the Earth, a ubratory motion ooc» 

sioned by the attradtion of the Sun and Mooo, .upon tfaa 

protuberant matter of the Equator. 
OsLiaoB, indirect, or inclined. 
PAaAUAz, the angle the semidiameter <^the Earth fenns with 

a celestial body. 
PaNuiuaA, is the ahadow where a part of the Sun's rays are 

faitercepled. 
PsaiGxc, the point in the Moon's orbit nearest to the Earth. 
PlaiiULiOM, tne point in a phmet's orbit nearest to the Sun. 
PlusBs^ die several appearances of the Moon and planets^ aoK 

•CNBdBng aa a greater or leas ^art of their iliuminated hiemi- 

a^Mnaa an pmented taourswht. 
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PitospROBic, luminous. 

Plank of a planet'0 orbit, is the imaginary siirfiice In wfuch. 

it lies ; pasmng through- the centre of the planet it extends ' 

indefinitely into the heavens. , 
Planetarium, an instrument made use of fi)r showhig the^ 

phenomena of the planets. 
pLEiADfis, the seven stars, a prominent cluster of stars In,. 

Taurus. 
Polar cibclbs, two small circles drawn round the Earth fronv 

ea^ to vvest, parallel to the Equator, about 23° 28^ from th«' 

poles; the northern called the Arctic, the southern the An.- . 

tarctic circle. ' 
Polbs of the world, extremities pf the Earth's axis. 
Pbecessign' of the equinoxes, a slow motion of the two. 

. points where the Equator intersects the Ecliptic, which are' 

round to move backwards, about 50 seconds a year, and t' 

whole circle in 20000 years. 
Quadrant, the fourth part of a circle ; or an instrument used^ 

for measuring angles and taking the altitude of the heavenly 

bodies. • * 

CtuADBATUREs, or CtuARTERB, thosc phascs of theMoon whicl^. 

take place between the conjunction and opposition, and be-*^ 

tween the opposition and conjunction. 
Radiation, the act of a body disusing rays all around and 

froni a)ce:;tre. 
Radius, semi-diameter of a circle. 
Refraction, bending of the rays of fight in passing din)U|;h , 

mediums of different donsities. 
Rectilineal, in a right line. 

Retarded motion, continually diecreasing velocity. •'* 
Retrograde, an apparent motion of Che planets in some parts 

of their orbits where they seem to ^o backwards. 
Revolution, is that motion by which the heavenly hodieSa, in 

a certain time, return aguin to the game points of their orbits. 
Rotation, the motion of any heavenly body round its axis. 
Second, the 60th part of a minute. 
SipxBiAL day, the time which elapses between a star's appeBt^ 

in^ twice on the same meridian. , 
Siderial year, the time which elapses between the Sun's 

appearing twice in conjunction wi\h the same star. 
Solstices, the time the Sun enters Cancer and Caprioom. 
Sphbbb, a globe. 
Spheboidal, approaching to die figure of a sphen^ thaq|^ nol 

exactly round. 
Stbllatxo, desked with stars. 
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STATioirABT, thtl Slate in wMch a planet w wlim it Ina a 
appavrmt motioQ. 

Stbata, bedsorlayen. 

Sttlb, the manner of leckonbig time from aome partieokr 
period or remarkable event 

8TSTe»i^ the conjunctkm and oppoatkxn of a ]^anet with the 
Son. 

Tblsscopic 8TAB8, aie thoae whScfa are only dinovenhle by 
means of a teleaeope. 

TnARsiT, is the passing of an inferior planet over the Sun's 
disc 

Twilight, is that light which precedes the rising, and succeeds 
the setting of the Son. 

Umbba, tlie conical shadow of the Earth or Moon in i|n E(%se. 

Tbbtical, directly over head, or in the senith. 

ZByiT% that point of the hiBavens, which is perpen&nlariy 
' over oat heada 

SEoniAcv a cone snrronnding the heavens^ 6t about sixteen de* 
giees broad i in Uie middle of which is the EcKptic i and ia 
which the oibits of all the. planets are included except thset 
of the asteroids 

SSoDiACAL u«HT, B brightness sometimes observed in the Zo> 
diac^ lesemUing that of the Galaxy. It appears at certain 
•easoosy via. towards the end of vnnter, and in spring i^r 
sunset; or before his rising in autumn, and in the begmiung 
ef vrinter,|esemblinff the form of a pyramid lying len^waya 
with its axis alonff Uie Zodiac, its base being placed diliqueiy 
with respect to Uie horizon. The cause of this light is yet 
too imperfectly understood, to pronounce on it with confidence. 

, ZoNB, a division of the Earth. There are five zones : one tor- 
rid aone^ lying between the tropics; two temperate zon«i^ 
between tlie tropips and the polar dreles ; ami tWo firi^pd 
between the polar circles and the poles. 



H^ The queiHmu weninUended to exhmut ike topiet jdi9' 
siMMdL <md vUh Jhi9 eseefikmt «*'' be found ontheyagem 
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APPENDIX. 

FftOBLSMlt Oir THK OLOBES| AND VBZVVh TABIili 

Pboblkm t-^To find the tittttode of a plsee. Briiig the 
Ayen place under the btaxen meridiaB, and the iramMr <if 
d^reea on U to which the {daoaoonesponda k ite Latitii^. 

Paoatsu It—To find the Longitude of a place. Bring the 
given plaoe to the hfam meridian; and, the number of degTeee 
which it cats on the Equator, will be the Longitude of that 
place. 

PaoBLVM in.— To ^d the Sun'is place In the Ecliptic ott 
any given day. Look for the given day and month, on the 
wooden horizon, and opponte to the day will be seen the sign 
and degjree in which the Sub is then ; and thia beiiig noted oil 
the Ecliptic, will give the Sun's place on the day required. • 

PaoBLBai IV.— ^o find, at any houR what o'clock it is A 
any other place. Bring the place of wtiieh the hour is knowt 
to the brass meridian ; set the index to the given hour.. If the 
place required be now brought under the ineridiani the Index 
will mark the hour at the place required. 

PaoBLBM y.-^To find^he time of the Sun's rinng or setting 
for any given day. Rectify the globe for the Latitude of the 
place you are in i bring the Sun's place for the given day to the 
brass meridian ; and set the index to 12. If the Sun's place be 
turned to the eastern edge of the wooden horizon, the index will 
shew the hour of sun -rise; and if it be brought to the western 
edge, the index wiR shew the time of sun-set Twice the hoar 
of the Sun's setting gives the length of the day } and twice the 
hour of its rising, tlie length of the night. 

PaoBLEM VI. — Given the day and hour at any place, to find 
those places where the Sun is then rising or setting, and on the 

How do you find the Latitude of any place on the globe 1 
What is the Latitude of London 7— of St. Petersburgh t—ot 
Washington 7 (See the Tables for correcting the answers 
ffiven by the Pupils,) How do youilnd the Longitude 1 What 
is the Longitude of Paris t—of Constantinople T-of Ncw- 
Vorkl (See the Tables thai are intended ia be a substitute 
for the usual detail of examples.) How find the Sun's plaoe in 
the Ecliptic for a given day 1 How da yon find what o'ckick 
it now Is in any given place 1 How can the time of the Smh^ 
rkbg' and setting be known for a given day > 
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mendiaii, or midnight L Find the pl«oe where the Sun li 
vertical at the given hour. To do this, bring the Sun's i>lac« 
ibr the given day to the brass meridian ; mark its declination ; 
bring the given place to the brass meridian, and set the index 
to the given hour; turn the globe till the index points to 12 ; 
the degree of the Sun's decUnation for that day shews the place 
to which it is vertical at the ^ven hour. 2. Elevate the pole 
as many degrees above the bonzon as are equal to the Lati^de 
of the given place ; bring it to the brass meridian : the Sun 
rises tbin for all places on the western edge of the wooden 
horizon, and sets at all places on the eastern edge. It is noon 
at all places under the bni^ meridian, and midnight at all those 
under the lower part of this meridian. The morning twilight 
b beginning, in all places 18^ below the western semicircle of 
the horizon ; and the evening twilight is ending in all places 
18^ below the -eastern semicircle of the wooden horizon. ' , 

Pbobucm yil. — To find the Antceci, Perioeci, and Antipodes 
of any place. Bring the given place to the brass meridiail, and 
observe its latitude, then uilder the same degree of latitude, in 
the opposite hemisphere you will find the Antceci. Set the 
index of the hour circle to 12, turn the globe half round, or 
until the index points.to the other 12; then under that degree 
on the brass meridian, which is the Iktitode of the given pno^ 
you will find the PeriaecL Under the same degree of latitude 
with the given place, but in the opposite hemisphere, you will 
find the Antipodes. 

PaoBLSM Vm. — ^To find at what rate per hour the inhabi- 
tants of any plaee are carried, from west to east, bj the revo-' 
lution of the earth on its axis. Find by the Longitude table, 
how many miles make a degree of longitude in the latitude of 
the given place,, which mumply by 15 for the answer. 

Pboblbm IX. — Any day being given, to find all those placei 
of the earth where the sun is vertical on that day. Find the 

If the day and hour are given at one place, how determine 
where the Sun is then rising or setting or in the meridian 1 

HowdovoufindtheAntflDcil How the Periceci 1 Hew the 
Antipodes 1 

How can the rate of motion per hour on any given plane 
be ascertained 1 What is the rate per hour of New-York 1 
Boston I'-Charleaton, S.C.t 

Over what places will- the Sun be vertical the 27th of Jaou* 
aryl Over what places the 4th of August 1 

Digitized by VjOOQIC 
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«Qa*« daclhwtion (by Piob. m) ht the given davt ^™^ ^ 
gbbe nnmd on its axis from west to eairt, and aU the places 
on the globe, whidi pass under the degree of the sun*s declina- 
tion on the biaas meridian will halve the Snn vertical on that 
day. 

Pboblsm X. — ^To fiiid the length of the longest day at any 
place in the noith frigid zone. Find the complement of the 
latitude of the given fSace, by subtracting its latitude from 90 
degrees ; count as many degrees on the brass meridian from 
the equator towards the north pole, ab are equal to the comple- 
ment of the latitude, and mark where the reckoning ends; 
turn the gidbe on its axis, and observe what two pcMnts of th« 
ediptic pass under the above mark, find those two points of the 
•eliptic m the dicle of signs on the horizon, and exactly oppo- . 
lite to them,' in the drefe of months, you will find the days on 
whkh the fengest day begins and ends. The day preccdinff 
the 31st of June b that on which the longest day begins, and 
the day ibllowing the 21st of June, is that on which it ends; 
the nundwr of days between these dm win show the length of 
the longest day at the^given place. [See the Tkble of Climates.] 

THE Celestial olobe. 

The oslestial globe is intended to represent the starry heaven\ 
and their sffiarent motion from east to west On it are drawn, 
the Ecliptic^ the Equinoctial, the parallels of Latitude, the dr* 
des of oedmatbn, the meridians, the horizon, the two ooluicsy 
the tropics^ the polar cudes^ and all the constellations. In 
using this globe^ the spectator is snpposed to stand in the centre 
of it : hence the ffeore of all the oonstelktions must berevened, 
when they are to be referred to the heavens. 

iHiOBLEM I. — ^To find the right ascensbn and declinalion of 
the Sun, w of a star. Bring the Sun, or star, to the brass 
meridian ; the degrees on the Equinoctial, between the brass 
meridian and the first point of Aries, is the right ascension ; 
and the degree on the brass meridian is the declination. 

PaoBLUf IL-^-To find the Latitode and Longitude of a star. 
Bring the centre of the ouadrant of altitude on either pole of 
the Bdiptic; move the otiwr end, till the star is at the gra* 

— ' ■ ' ' ■■ ■ ■' ' ■■■ ■ '■■ " ' « ' i • I ■ '■■ • • i . ^ . 

How can the right aaeeurion or decHnatiofli of the Sun, or a 
■lar, be found 1 How can the Latitude or LongttQde of a iter 
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dnated fedgc of the quadrant, 'the degree of the quadrant, cut 
by the star, is its Latitude ; and the sign a!nd degree cat on 
the Ecliptic, is its Longitude. , ' / 

Problem III. — To find the place of a star, planet, Moon, or 
a comet, on the globe, its right ascension and declination being 
given. Bring the given degrees of right dscenslon to the brass 
meridian ; and under the given declension, on the brass meri- 
dian, the star, or place of the planet, will be found. 

Problem, IV. — Thcvday, hour, and Latitudcof a place being 
given, to find what stars are rising, ^tting or culminating, &c. 
.Elevate the pole to the Lfttitudb of the place ; bring the Sun's 
place in the Ecliptic to the brass meridian ; set the index to 12 ; 
if the givea time be before noon, turn the globe eastward, till 
the index" has parsed over as many hours as it wants of 12.; 
and if it be afternoon, turn the globe westwafd, till the index 
has past over Eis many hours as it is past l2 ; then all the stafs 
west of the horizon will be setting ; all those east of it will be 
rising ; those under the brass meridian will be culminating, &c. 

Problem V, — ^To find when any given star wiD rise;, aet, or 
come to the meridian. Elevate the pole to the Latitude of the 
place; bring the Sun's place in the Ecliptic to the meridian ; 
set the index at 12 ; turn the globe till the ^ven star, or planet, 
comes to the east of the horizon, and the index will shew the 
lime of its rising; bring the star to the meridian, and you havte 
the time it crosses the meridian ; bring it to the west of the 
horizon, and you have the time of its setting. 

. Peoblbm VI.-^To find the distances of the stars in degreea 
from each other. Place the quadrant of altitude oi) the two 
stars whose distance you wish to n)ea3ure ; so that the division 
marked O be on one of them, and the degrees l)etween them 
will show their distance. 

r = ' ' -^— — — -^— _____ 

If the right ascension or declination of a heavenly body is 
g-iven, how can it be found ? How can the length of the long- 
est ihiy in different places within the Arctic circle be found on 
the globe 1 

If the day, the hour, and Latitude of a place be given, hoir 
find what stars will then be rising, setting, or culminating 1 
How can it be found when any given star will rise, set, or come 
to the meridian 1 How can the distance of stacs from each 
ether be found in degrees 1 . 
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PftosLSM Vn.— To find the altitude of a star at any ffiven 
time. Rectify the globe for the latitud^ of the place. Bring 
the sun's place in the ecliptic to the meridian, and set the index 
at 12. Turn the globe, till the index poinCs to the time proposed. 
Then with the quadrant of altitude, or dividers, take the nearest 
distance of the star from the horizon; the number of degrees 
on the quadrant, or in the extent of the dividers applied to the 
equfitor, shows the altitude. 

PaoBLEH VITI.— Having the altitude of a star given, to know 
the time of night Rectify the globe for the btitude of the 
place. Bring the fun*s place in the ecliptic to the meridian, 
and set the index at 12. Turn the globe till the star comes to 
ths altitude' proposed ; the index wilf point to the hour required. 

Problbm IX.— The. Latitude of a place being given, to place 
the globe so as to represent the appearaihce of the heavens at 
rhou 



any hour proposed. Rectify the globe for' the Latitude of the 
place. Bnng the sun'« place in the ecliptic to the meridian and 
set the index at 12. Turn the^lobe eastward for the forenoon, 
westward tor the *afteraoon, till the index points to the given 
hour. The globe will then represent. the appearance of tha 
heavens al; the time proposed. 

" A fiuniliar us^ of the. globes is recommended to the student 
It will greatly improve his knowledge of geography and astro- 
nomy. It will mike him more interested m contemplating the 
objecti»of the visible heavens, a delightful and inn<x;ent amusC' 
nient for the evening, or the most lonely hours of night. What 
is much more ; by observation on the celestial canopy, he must 
be irresistibly led Irom the greatness of the scenery to the con- 
templation of the immensity and infinite goodness of the Great 
AtTTHOR," ^ VosE. , 



What iathttk attitude of Procyon, as seen at Washington, 
February Ist, at 7 o'clock, P. M. What is the altitude of Vcge, 
fM seen from New-Haven, September 26, at 2 o'clock^ A. M. 1 

What is the. time of night at Philadelphia, on the 20th of 
October, when the largest star of the Pleiades is 15^ uboVe the 
eastern horizon. What is the time of night at Boston, on the 
lamt day . of Ailgust, when Arcturus is l(P above th^ western 
horizon 1 

What will be the apptorance of the heavens at Washington, 
March 20tfa, at 7 o'clock, P. M 
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A Tablb of ihe Latitude and Longitude ofsamg 
qf Ike principal placee of the world. 

Latitode Longitode. 



Abeideen, . 


Soothnd, 


6T> 


yN. 


90 


S'W. 


Abo, 


Sweden. 


m 


37 N. 


92 


13 e. 


Acapuico, 


Mexico, 


17 


, 10 N. 


101 


26 W. 


Achen, 


Sumatra I. 


5 


22 N. 


95 


35 is. 


Adrianople, 


Turkey, . 


41 


ION. 


26 


28 E. 


Aleppo, 


1^ 


96 


11 N. 


37 


10 B. 


Alexandriai 


31 


12 N. 


29 


55 E. 


Algiers, 


^ 


49 N. 


2 


12 £. 


Amsterdam, 


hJi^ 


6d 


22 N. 


4 


51 E. 


Archangel, 


llussia, , 


64 


34 N. 


38 


55 E. 


Athena, 
Bagdad, 


Greeee, 
Syria, 


38 
83 


5N. 
20 N. 


S3 
44 


52 E. 
23 E. 


Barcelona, 


Spdn, 


41 


96 N. 


2 


12 E. 


Batavia, 


Javal. 


6 


11 S. 


106 


62 F^ 


Be^* ^ 


Norway, 

Germany, 

ln^e«,g. 


60 


23 N. 
32 N. 


5 
13 


12 E. 
S3E. 


Borofaay L 


18 


56 N. 


72 


64 E. 


Kr^^' 


New-Holland, 


34 


OS. 


161 


20 E. 


fngluid, 
Netherlands, 


51 


28 N. 


2 


36 W 


Brussels, 


50 


51 N. 


4 


21 E. 


Caaiz, 


Spain, 


36 


31 N. 


6 


17 W 


Cairo, 
Calcutta, 


Si 


30 
22 


3 N. 
35 N. 


31 

88. 


17 E. 

28 B. 


Canton, 


China, 


23 


7N. 


113 


16 E. 


Cape of G.Hope, 


Africa, 


34 


29 S. 


18 


23 E. 


Farewell, 


Greenland, 


59 


38 N. 


42 


42 W. 


Constantinople, . 


Turkey, 


41 


I N. 


28 


55 E. 


Copenhagen, 


Denmark, 


55 


41 N. 


12 


,36 E. 


Damaaeus, 


Syria, 


^ 33 


16 N. 


36' 


'90E. 


Dresden, 


Germany, 


51 


3N. 


13 


41 E. 


Dublin, 


IrelamV 


53 


22 N. 


6 


17 W, 


Edinburgh, 


Sontland, 


55 


57 N. 


3 


12 W. 


Geneva, 


Switeeriand 


46 


12 N. 


6 


8E. 


Genoa,. 
Ghent, 


Italy, 


44 
51 


25 N. 
3N. 


8 
3 


50 E. 
43 S. 


Gibiahais 


Spain, 


36 


5N. 


6 


4 W, 


Glasgow, 


Scotland, 


55 


52 N. 


.4 


15 W. 


Greenwich (tobs.) 


England, 


51 


281 N. 








Halifax, 


Nova^Sootia, 


44 


44 K 


63 


36 W, 


Hamburgh, 


Germany, 


53 


34 N. 


9 


64 a 




France, 


49 


29 K 





6fi. 
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Mmnta. 



iWk 



J ! . • • • • 




Lalitiide. 


LMnrhnde. 


HcrvcY** 1. 


Society Isles, 


19 


17 3. 


158 


56 W. 


Jfaffa, . 


Syria. 


32 


5N, 





K) B. 


Jerusalem, 


Syria, 


31 


45 N. 


35 


20 E. 


Ispahan) 


Persia, 


33 


25 K 


52 


50 E. 


Kamtechatka, 


Siberia, 


56 


30 N. 


161 


E. 


Leydeiv 


United Provinces, 52 


8N. 


4 


28 E. 


Lima, . 


Peru, . 


12 


2 3. 


76 


50 W. 


Lisbon, 


Portugal, 


38 


42 N. 


9 


9 W. 


Liverpool, • 


England, 


53 


22 N. 


2 


57 W. 


London, . 


England, 


51 


31 N. 





6W. 


Lyons. 


France, ' 


45^^ 


46 N. 


4 


49 E. 


iKaihas, 


Indies, E 


13 


5N. 


80 


25 E. 


Mai^L 


. Mediterranean, 


35 


54 N. 


U 


28 E. 


MiMrseilles, 


France^ , 


,43 


18 ^N. 


5 


22 E. 


Mecc4i, 


Arabia, 


21 


45 N. 


40 


15 E. 


Mexico, 


N. America, 


19 


54 N. 100 


7 W 


Milan, 


..»aly, 


45 


28 N. 


9 


14 E- 


M6ntpe&r, 


France, 


43 


37 N. 


3 


52 E. 




Barbary, 


81 


N. 


7 


4W 


Mbsicow, 


Russia, 


55 


45 N. 


37 


46 E. 


Nankin, 


China, 


32 


5N.- 


118 


46 E. 


Naples, r ^' 


ulLd, 


40 


50 N. 


14 


HE. 


NdrtbCape, 


71 


30 N. 


25 


49 E.. 


Otaheite, 


8. Pacific Ocean, 


17^ 


20 3). 149 


3b W» 


Panama, 


Mexico^ 


/ 8 


58 N. 


80 


15 W. 


Paris, (obs.) 


' Prance, 


4a 


50 N. 


^ 2 


20 E. 


Pekin, (dbs.) 


€;hina. 


39 


54 N. 


116 


27 R 


St T^tersbureh, 


Russia, 


59 


m N. 


30 


18 E. 


Poito-Bello, 


Terra Pirma, 


9 


33 N. 


79 


50 W. 


Portsmouth, ' 


England, 


50 


47 n; 


1 


6 W. 


I^Jtosi, 


Peru, 


20 


OS. 


66 


15 W. 


Presburg, 


Hungary, 


48 


8N. 


17 


10 E. 


Quebec, 


Canada, "^ 


46 


48 N. 


71 


6 W. 


Bio Janerio, 


Peru, 




13 a 


78 


low: 


Brssil, 


22 


54 S. 


42 


44 _W. 


SlJonica*; 


Turkey, 


40 


41 N. 


23 


7E. 


Siam, 


E. Indies, 


14 


18 N. 


m 


49E./ 


Tomeo, 


Lapland, , 


65 


51 K 


24 


14 E. 


Trent, . 


Germany, 


46 


•■5'N,' 


11 


6 E.; 


riij^di, 


Barbary, 


32 


K 


13 


20 E. 


Tnrin, 


Italy, . 


45 


7 


39E.. 


tnjrccht, 


United Prov. 


52 


5 N. 


5 


9 E. 


Vicnniv (obs.) 


Austria, 


48 


12 N. 


16 


22 E. 


Wteisw, 


Poland, 


&i 


16 N. 


31 


3E. 
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UfnCDB AMD LOKCTltDB OF aOMB OP THB FlIMCIPAIr 
PLACB8 IN THE UNITBD M* ATE& 

tW LtffiffeiMiatafV reckoned /VwifGFreeiM»JcA SwH^ O oP trin w cit l 



£^ 



y. 



»4S37 8 
31 34 912B 
42 49 rO 68 
411873 66 

4125 71 U 
40 4274 1 
37K76 49 

42 16 7S 40 
30 2R 37 IS 
30 66 75 11 
403290 8 

43 30 70 90 
43 42046 
40 22 74 30 
415171 15 
36 47 rs 48 
87 30 77 88 
43 15^11 



1M 60 31 15 
43 56 75 87 
42 3270 58 

32 291 3 
42 48 73 65 
42 872 35 
80 26 91 35 
40 1375 48 
42 44 73 40 

33 IS 37 «l 
885090 8 
88 63 75 65 
42 16 7140 
30 00|S2 1jO 






D.G. 



Um^^9m\im§9i^amdawrtit»td^inmmt^0»fnmtif^ 



PttMnouthi N. EL 



Mvw-Tork, 



iMUiMiie. 



U D. 


8. D. 


A, m. 


k. m. 


15 63:5 


7 5.6 


15 16.7 


8 44.3 


15 11^ 


8 4a6 


15 6.4 


8 63.6 


15 ao 


8 67.0 


14 65.6 


8 4.6 


14 6a6 


8 9l6 


14 45.8 


9 ia2 


H4&4I 


9 14.5 



WMhiimjbkUji 
RIefamood, 

Savannah, 
New-Orlean^ 

St AUgUMlML 

Cape SaUb an 
paiiilorV.& 



L. IX & m 

14 43.8 9 15^ 
14 36.5 9 9i5 
14 18.6 9 41.4 
14 ia2 9 48l8 
14 5.8 9 542 
13 66.810 18 
13 54.910 6il 

lS32,lilOVJ 



d by Google 



TABLES OP THE CLIMATES. 
1. CUmaUt betieeen the Equator and ^the Polar Circlet. 



cu* 

infttes 


■s-H- 


fiM«dttll 

ofUie 
<;;iiinat«i 


Cli. 
m»tcs 


C«^l» 


^ 


Clitemtes 


D. k. 


H. M. 


D. M. 




D. M. 


H. H. 


D. M. 


1 


834 


12 30 


834 


13 


59 59 


18 30 


132 


"2 


16 44 


13 00 


?i§ 


14 


6118 


19 00 


119 


3 


24 13 


13 30 


15 


62 26 


19 30 


1 8. 


4 


-30 48 


14 00 


6 36 


16 


63 22 


20 OQ 


56 


5 


36 31 


14 30 


5 43 


17 


64 10 


2030 


48 


. 6 


4134 


15 00 


453 


18 


64 50 


2100 


40 


7 


45 32 


15 30 


4 8 


19 


63 22 


2130 


^ 


8 


49 2 


16 00 


330 


20 


65 48 


22 00 


26 


9 


51 59 


1630 


257 


2J 


66 5 


22 30 


17 


10 


54 30 


17 00 


2 31 


22 


66 21 


23 00 


16 


11 


56 38 


17 30 


2 8 


23 


66 29 


23 30 


3 


13 


1 58 27 1 18 00 


149 


24 


66 32 1 24 00 


3 



8. (Xmatee beitteen the PdiarVirtle and the Potei. 



Codi in 



Wlierethe|«iMdth« 
nfthc 
Cllfflstes 



ferg 



^'' 



lenthdliriadUu 
oltbe 
Climarfcs 






D. M. 

6718 
09 30 
73 



30orl. 
60 2. 
3. 



5-^190 



46 
215 
332 



D. M. 

77 40 
82 50 
90 00 



D. 1 

120 or 4 
150 5 
180 6 



I>. M. 

4 3iS 
519 

7 1 
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A TABLE, 

hon manytnileg nutke a degree of longitude, inevnfdegrm 
o/kuitude. 



9.9669. 



59.! 

59. 

59.92(6a97 

59.8568,90 

59.7768.81 

59.6768.62 

59.6568.48 

59.4268.31 



59.26 
59.09 



0«o. 
Milet. 



J.9969. 



68.1^5 
67.95 



54.: 

53.93 

53. 



Miles. 



68.8967.73 

5a69 67.48 

5a4667.21i 

58.2266.95 

57.9566.65 

57.6766.31 

57.8865.98 

570665.62 

56.7365.24 

56.38^.84 

56.0l|64.42 

55.1 

55.1 



6363.97 
.2363.51 
54.8163.03 
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REFUBCmONS 
AI8!illONOMICAL TOPICS. 



BcLiKVivo it would best conduce to the utflitf 
of a work on Astronomy for schoolsf to hare the 
scientific discussionil uninterrupted, yet unwilling 
to dismiss these sublime themes without moral re* 
flectionsf it has been concluded to subjoin a number 
at die end. 

ijrrioDucTioN. 
, When the Psalmiat says, ** the works of the Lord 
are great, aeught out of all them that hare plea- 
sure therein/* we haTe the testimony of inspiration, 
that the TRULt nous may have ils nigh intellectual 
and aaeial enjoyment from scientific researches and 
refiiieitient of taste, as others, and m addition^ to 
these they may hare suhlivier and Ao2ier joys which 
result from discerning God every where. We may 
therefore rest assuri^, that the science of Astro* 
noray can be profitably commenced in the early 
stages of common school education. And it can 
be made highly interesting and useful to all ages 
and classes ii^ society. Legible and luminous in^ 
scriptions of wisdok, fowsb, and goodness, infi- 
nitely great and glorious, tend to arouse all the 
intellectual and moral {acuities of man, and turn 
them to the best account. And that religious feel- 
ingr which shrinks firom menial expansion amonc 
the works of God, lest the Herror 6f piety shoiidd 
be chiUed, can hardly be enlightened piety, oi 
^ aed aecor&ig to knowledge.'* 
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I 

Scepticism has attempted to invalidate the truth 
of Revelation, by pretending to find evidence of 
greater antiquity in tile CIiuipqbc a|f4 Htp^tH) unnals 
than is compatible with the Mosaic record. But 
the ablest philosophers have recently conceded, 
that no celestial phenomena, of which authentic 
records exists can be traced farther back than some 
centuries subsequent to the inspired date of the 
deluge. ... 

. La Place haa examined the Indian tables^ in his S^sUmedu 
JMimde, and left his te^mony, to which none c^ object eitheY 
hia tTicompetency or his supentUion, 

" Every thing," says he, 'Pleads ua to conclude that they are 
not of high antiquity. Ttiey have two pribcipnl ejpiochaa, ifi^hich 
ffb back, one to the year 3102, and the tiCher t6 1^1 y4r8' he- 
roic the Christian era. If vte assnmo far onr.poiiK of dqifrtm 
the epocha of 1491, and ffo bfick b^oneaas of the, Indian tables 
to the year ^103 More the Christian era, we obtain a eeneni 
conjunction of the Sun, Moon, and planets, s^ thes^ tabtessa'p. 
poae ; hut thia c&njunetitm diffifr» too ^mtt^H ftork the ■ ftMJt of 
omr b69t icMea, to hvoe .taken, j^aee, .demonsiruHng t/uU • tht 
epocha toMhich it refers is not CROtTNDSi* ov o^sxbvat.iojn/' 

"The whole s^tem of the Indian tables," aays Cuyier, "so 
daborately conceived, ftUs tft pieces of itself now that it baa 
been proved that this epocha was adopted pos^hamtMuly ttam 
cak»iIationa retrospef^tiseljf made, the i;etttltof whii^ia/ali^.'?. 

THE SUN. 

' If Herschel's theory of the Sun is correct, per- 
haps its luminous matter was called into existence 
in a more diffused state, at the moment when "God 
i^aid let there be light ;" and that it was concen- 
trated about the body of the Sun, on the fourth day 
of creation.* However speculations of this kind 

* This hyDOtheais, exclusively the Author^ in the first edi« 
tion, is found to be very similar to the following one £rom Pro- 
fessor Ubb's Geology, published in London, 18^.' 

** If created with the Earth on tftellrttnlay, when tke kwoT 
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are viewed, who ean fail to adore the inesthanstible 
enetgiefl of that Being, who kindled and has per- 
petuated the glories of that single material world. 

Euler computed the light of the Sun, on each 
square foot of the Earth turned towards it, as equal 
to 6500 candles at one foot distance. Concmre 
then of the oceans of light, which are poured ih- 
ceseantly from the Sun on one hemisphere of thi9 
planet at 95 millions of miles from it. But 75 
thousand such planets could succeed each other in 
the orbit of: the £arth without contact^ and therei 
could be more than 3 thousand fire hundred mil- 
lions of such globes in the concave surface of a 
hollow sphere at the saipe distance from the Sun. 
But allo>wing«pace for the atmoapheres, there could 
be fuore than 50 thousand planets in the orbit of 
the Ea/th, and more than 5^ thou^nd fi^ve hundred 
millions in such hollow sphere, each cme of which 
would receive an equal amount of light from that 
resplendent luminary, as . the Earth now does. A 
similar computation would apply to the fertilizing 
influence of the Sun. How appropriately is tfai» 
creature used in the Scriptures, as an emblem of 
its Creator ! And yet all its effulgence is but one 
ray of created, material brightness, compared with 
the uncreatJed, essential and bxhaustless efiulgence 
of Jehovah's glory. What serfiph's eye can bear 
to gate on the undouded splentlor of glory, ^'dark 
with excessive brightness ?" 

When we have witnessed the brilliant colors of 

miiveiBBl grwitation was ordained to woyem he%9pn*B isolated 
orba ;.on tbe fourth day, the Sun was furnished with hia phoA-x 
phoric, or light exciting ro^'a superficial luciferous film, which 
IS profaal^ the only peculiarity that distinguishes the structuie 
of his body fiom that pf his sobject ophezes." 
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Ifae mnboWf and har^ eonnidercd the vMmUf 
that a slight change in the configfiiratioii of the eyef 
could deck every landecape with countless millio&ft 
of gems ; We easily discern, that Qod can with in- 
finite eause, place creatures in material worlds, with 
material organs of vision, in circumstances where 
equal effulgence should attend (hem every stepy an 
those material images possessed, which are used in 
the Revelation to describe the gk^ries. of the Netr 
Jerusalem. Who shall say that immortal inteUlh 
gences, formed to derive enjoyment from novslt'T* 
BBAUTY, and oRANHEUft ih the objects of contem- 
plation, may not hereafter have pleasures, a thoup 
sand fold more intense, from the same soilrcesi thaa 
they ever knew, while here In «he body« Aid yet 
the MORAL BBAUTiEs in the ]>ivine chamctev aiid 
govemmimt, BMiy then give joys iauABtountW^ 
greater than all others. 

MERCURY. 

The human mind often derives its desist eoif« 
ceptions, and strongest impressions, from compari- 
sons rightly instituted. If we think of a ship saH* 
ing twelve miles the hour, the race, horse BOkoyiBC 
twice as swifl^ as the ship, or the bird flying wfith 
double the speed of &e horse, we foim some de-> 
finite ideas of relative velocity. But how doir 
these motions compared with others. . The tornado 
may have double Uie velocity of the bird's flighty 
and the ball propelled from the cannon's- m^uth 
eight times the velocity of the tornado, or moves 
eight hundred miles the hour. Still we hare but 
begun to approximate to the velocity of Mercury'tf 
motion. It moves more than one hundred timet 
as swifUy as the cainiott batt. 
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Let us imagine ourselves on some comikianding^ 
eminence, and waiting to witness worlds pass within 
one hundred miles of our position. The Moon is 
first seen advancing with the velocity with which 
it revolves around the earth. We gaze with won- 
der and admiration as it parses us at the rate of 
more than thirty miles the minute. Presently 
Mercury bursts on our astonished Vision,' and like 
lightning, rushes by us with the amazing velocity 
of thirty tniles the second. Who can restrain the 
exclamation ? What power ! the power of God ! 

But how small this manifest^tiont)f power, com- 
pared with all that is displayed, in the motions of 
material worlds, within the limited field of man'» 
feeble vision. 

Perhaps the more expanded mind of man in a 
future state of existence, with a medium of vision! 
adapted to his enlarged capacities, nday take in at 
one glance, the mighty movements of a whole sblai' 
system, with the same ease that he now contem- 
plates the complicated movementi^ of some -well 
constructed orrery. Then a Newton will look back 
on his discoveries in time, as the intellectual dawn- 
ings of mere infancy. 

Mercury basks in splendor seven fold brighter 
than Earth enjoys. Cherubim^re surrounded with 
brighter intellectual splendors from the fountain 
of all knowledge, than minds of mortals could here 
endure. But Uiat splendor, and brighter than that, 
is reserved for all those who love tq view the Sun 
of Righteousness. ' 

. VBNV8. 

The science of Astronomy, is adapted on the 
one hand to fill us with admiration, at tfafe extent ' 
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of man's inteUectual powers^ and the wonderlid 
result of his investigations, and on the other hand, 
to abase human pride, that sd little knowledge is 
possessed of a field of immeasurable extent, and 
indescribable beauty. By the light of this science, 
the i^ilosopher confidently predicts the transits of 
Venus, which will occur in 1874, 1882, 2004, 2012, 
2117, 2125, and calculates when they will com- 
mence, and when terminate, as seen from difiereiit 
parts of the Earth. This he does, notwithstanding 
he knows that, other eyes, atid not his own, wiU 
witness at those periods the appearance of Venus 
as a dark spot on the disc of the Sun. But why 
is a confidence jfelt, that these transits will take 
place ? Because man has discovered, that God go- 
verns the material universe by fixed laws of admi- 
rable simplicity. 

, And has not Jehovah laws in his moral kingdom, 
as vnse and as immutable ? Cannot Infinite wisdom 
know with equal certainty every future event in 
his moral kingdom, as in the material universe t 
Can he not even qualify human beings to predict 
future events in his moral kingdom with unerring 
certainty? And when he has thus. inspired them, 
as the result of their predictions prove, do not their 
messages deserve confidence ? Have we no means 
of determining what moral events will exist under 
the Divine government for centuries to come ! Un- 
questionably we have. The predictions of revb- 
liATiON founded on the laws of Jehovah's moral 
government, in proportion as they are understood, 
afiford ample assurance to fiiith, that they will be 
accomplished ; whether they relate to the circum- 
stances of Zion on Earthy or to the future destinies 
of moral character beyond the bounds of time. 
Blot out all confidence m the Oracle of God, mer- 
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MoSfy gireiTto iffnorant, wnndcring and wretched 
man, and no Bii^nt harbinger of immortal day rises 
on his dreary ntght of adversity ; no evening star 
of hope cheers the close of mortal existence. Yon 
leave his whole moral horizon sunless and stak- 
LEss. But let the Star of Bethlehem greet his 
renovated sight, it dispels the dtflrkness of the giave« 
and g^Tes promise of a heavenly day.. 

SAATH. 

The wisdomi power and goodness ^f God* btb 
Uiscribed so freq^uently and tegibly on man'lB habi- 
tation» that depravity alone can render its tenants 
onminii^I of Him^ It has been proved that the 
SJtrth is a vast globe.;, and geology teaches ns,.tlnt 
tten iti^ fanmense mineral masses are formed with 
regularity and deposited with morel than mechahrci. 
skill. Its surface is diversified with oceans a^d 
continents, liakes and islands, mountains and plains^ 
bills and valleys. Did not wisdom plan itis organ- 
ized structure and its variegated surface? And 
when its landscapes were first clothed in all their 
beauty, and its forests first towered in all their 
nride^ was not i>ivine goodness painted on every 
flower and dropping firom every bpugh and stalk, 
wherr mature fruit fell to the fertile Earth ? Con 
ttoiphtte the admirable simplicity with which its 
motion on its axis is turning its various, parts,. in 
Qpick succession, under the decorating and ferti- 
Kzing influence of ^e 8an. View the angle its 
axis makes with its orbit, observe how it produces 
the regular return of summer and winter, seed-time 
and harvest, as well as day aad night. Elaborate 
investigations have proved, that the Equatorial 
regions have less heat, and higher Latitudes more^ 
as the Earth now revolves around the Sun, than if 

Digitized by VjV.iV.i VIC 



18S &BVLBCTI0N1 <Mf 

Ibat luminary was always vertical at the Equator* 
Have atoms formed themselves, and j)riginated such 
wonderful motions ? Or did a Creator's power form 
and arrange them* and impart to them harmonious 
movements? 

' What must have been the emotions with which 
our first parents awaked in the maturity of their 
faculties, to behold this fair world fitted up as their 
residence ? Would not they have behejd Divine 
perfections descending in Sun-beams, reflected 
from ev^ry object in the animal and vegetable king- 
doms around them., and even inscribed on the very 
rocks ? How gratefully would they, have traced 
to God's hand their first repast. And pught not 
ea^h one of their race, each day, to be as mindful 
pf G<^d, and as gratefid for his favors^ as man in 
innocence.. 

THE MOQI^. 

The wonders of creation, which the microscope 
has disclosed to man, carry the mind into a bound- 
less field of investigation, and constrain it to draw 
a thousand important inferiences. Countless my- 
riads of species having life are seen swarming in 
difierent elements. The single fig prqves a popu- 
lous world of conscious existence, when brought 
under high magnifying jpowers in a solar micro- 
scope. A single drop of water is often found to 
contain thousands of Animalcula. The individual 
daisy, and dandelion, each becomes a broad ex- 
panse, whose beautiful, groves are perfuming their 
own atmosphere, and afibrding shelter for the 
winged tribes which nest and sing among their 
branches. Now suppose a tenant of such a grove 
should feel, that the Sun was made solely to adorn 
and fertilize his own ^reat world the daisy. Per- 
haps no fellow tenant would presume to controvert 
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his opinion. It is true their organs of vision nuffht 
have discerned, at a vast distance from them, what 
seemed like another daisy, though less than the 
one they inhabited, but why conclude it filled with 
life ? They could not discern its inhabitants. 

Within the field of human vision there exists an 
object we call the Moon. Some of the tenants of 
Earth have learned to measure the distance between 
themselves and the Moon, and become acquainted 
with its real magnitude. They have invented tele- 
scopes, by which it appears near them, and is evi- 
dently diversified with hills and vallies, rocks and 
plains, if a large portion of its surface exhibits 
marks of volcanic action, and even its central parts 
are considered as yet a molten mass ; some sup- 
pose the same is true respecting the Earth. And 
if, notwithstanding such an appalling hypothesiiii 
our own world is full of beauty and being, cannot 
the Moon be likewise ? Why may not lunarians be 
as really benefitted by larger measures of light 
' from us, as we by a smaller amount from them? 
And why may not other ^planets and satellites in 
our system be filled with' conscious existence or 
even intelligent beings ? And the few daisies which 
surround our own, may be but a small part of the end- 
less variety of flowers in the whole field of Creation. 
When we think of the countless myriads of di- 
minutive creatures with which this single planet is 
filled, and then recollect, that " the eyes of all these 
wait upon God/ to receive their portion from his 
hand ; that he opens it and fills theAi with good/* 
we not only admire his condescension, but we are 
relieved from an apprehension that man will be 
overlooked in the dominions, and imder the go- 
vernment of such a Being. 
12 
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XAR8. 

It has been stated, that tlie redness of Mars is 
occasioned by the density of it^ atmosphere. 
Since the rays of the Sun have less effect upon the 
rare atmosphere on the tops of high mountains, 
than On the dense atmosphere at the surface of the 
Earth, is it not highly probable, that the surface of 
Mars may have as much warmth as this planet, 
though so distant from the Sun as to have but half 
as much light? We have no occasion, however, 
for believing that different planets have an equal 
amount of warmth in them, in order to their being 
fiUed with what is analogous to vegetable, animal, 
and intellectual existence on earth. The power 
and BENEVOLENCE, which gave life and enjoyment 
(o inhabitants of the water where tenants of the 
land would instantly perish, may have adapted ex- 
istence, and communicated happiness in millions 
of diversified circumstances in material worlds, of 
which we cannot now form any conceptions. 

ASTEROIDS. 

A conjecture was started- that these small planets 
had formerly constituted but one. Should it be 
asked, i( physically practicable for explosive force 
to rend a globe in fragments, the answer may be 
in the affirmative. It is believed that physical 
agents of sufficient energy to blow this earth in 
pieces exist in its materials. And if a moral cause 
be demanded for such an origin of the Asteroids, 
perhaps moral guilt #as concerned, as in the deso- 
latioii of the Eurth by the Deluge. 

JUPITBlt. 

If organs of visions like ours exist in Jupiter 
and his satellites, the phenomena of their sky must 
be more interesting than our own. The rapid ro- 
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lation of the primary on its axis, would occasion 
a perceptible motion of the Sun, the five hours it 
was above the horizon, and of the stars at night. 

The Moons would be rising, setting, eclipsing 
the Sun, and being eclipsed ; waxing to the ful^ 
and waning to the change in very quick succession. 
The nearest of the sateUites would have Jupiter 
passing from one change to another in 42^- hours t 
and when at the full, appearing a luminary one 
thousand times as large as our Moon, and reflecting 
40 times as much light. 

One indication of benevolent design in the cir- 
cumstances of the three nearest satellites^ deserves 
particular notice. While they revolve in. the plane 
of the primary's orbit about the Sun,- they cannot 
fail to be eclipsed at every time of their full, yet 
their orbits are so adjusted, that these three cannot 
all be eclipsed at the same time in many thousands 
of years. 

If this can be attributed tq chance, what can be 
traced to design ? 

SATIJRW. 

This planet, it will be recollected, revolves on 
its own axis, and. around the Sun, in periods to 
render a day at the Equator little more than five 
hours, while at the poles it is almost fifteen years. 
Though its light by day is but one ninetieth part 
of what we enjoy, a wonderful provision has been 
made for supplying it with reflected light. 

Let us' conceive ourselves transported to this 
most splendid object of telescopic vision. We will 
choose to alight in the northern hemisphere when 
the Sun is at the winter solstice. The lamp of day 
has illumined the horizon perhaps less than two 
houm. When that sinks from view, arches of light 
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begin to be visible in the east, and presently stretch 
themselves across the heavens, becoming more and 
more luminous, till bands of burnished silver would 
have less brilliancy, and ten full Moons impart less 
light. This scene of splendid effulgence, would 
pour its ceaseless tide of beauty on the north pole, 
for almost fifteen years, while deprived of the light 
of the Sun. Besides these rings of glory, our 
eyes might behold Moons rising and setting, horn- 
ed, in quadrature, gibbous, full, passing into an 
eclipse, or emerging from one, while a starry fir- 
mament of equal extent and sublimity as at the 
Earth, would lend its twinklings to complete the 
scene. How short such a night would seem could 
we but enjoy its beauties ! And are we to believe 
that all is sterility and silence there ? Shall we 
not rather presume, that intelligences are there ado- 
ring the wisdom and goodness which has so adorn- 
ed their habitation ? But it may well abate our 
own self-importance to be informed, that organs 
of vision like ours on Saturn, wojuld not, .without 
a telescope, even know of the existence of Earth, 
iiqportant as an inch of its soil appears to men. 

COMETS. 

• 
Man is under no inconsiderable obligations to 
Astronomy for its infiuence in allaying a thousand 
fears which ignjorance of celestial phenomena 
raised. Until the 16th century, no comet could 
shed a transient ray on Earth without filling a 
guilty race with consternation. The gravest his- 
torians inserted on the same page with every Co- 
meths appearance, some direful calamity as its 
certain attendant. But while it is now known, that 
comets are obeying kindred laws with the planet^, 
much ignorance exists respecting thoir minute eir- 
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cumslances. They cannot be exceedingly dense 
bodies, as Newton supposed them^ as their attrac- 
tion is extremely small. If they are very rare 
bodies, which it is now generally conceded they 
are, the Newtonian theory of caloric must be aban- 
doned, as the intense rays of the Sun in their peri- 
helion would inevitably dissipate them. And the 
conjecture of Whiston, that they may be prisons 
of Omnipotent justice where agonizing alternations 
of heat and cold are endured, is as visionary irt' 
philosophy as in religion. 

It has been hinted as possible^ that a comet' 
might come in contact with a planet. Suppose 
that of the hundred comets, the elements ofwnicli, 
have been computed, the chance is not oiie to one 
hundred thousand, that either of them can impinge 
against the Earth ; who shall assure us that of thef 
four hundred other comets which are supposed to 
exist in this system, some one, the elements of 
which have not yet been computed, may not pre- 
sently appear in the heavens, and within a month 
have its possible contact, an awful reality in which 
death and desolation should be instantly rolled ovei' 
man^s habitation ? Does a chill of apprehension 
involuntarily seize us at the bare suppositidti, at 
what would we value relief from such dread? 

We have in our hands a volume which professes* 
to have come from llira who revolves both planets 
and comets in their orbits. There it is predicted* 
that certain moral purposes are to.be accomplished 
on the Earth before it shall be destroyed. I'li pro- 
portion to our faith in that volume, our (bars m*T 
subside, and v may clasp it to our hearts with 
warmer emoti ha of gratitude. 
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THE FIXED STARS. 

In this article, it will be considered as having been 
already proved, that the nearest fixed stars are so 
distant that they must be suns ; £\nd that the unassist- 
ed eye might behold from the surface of this planet, 
more than two thousand. It will be assumed, as not im- 
probable, that kindred planets in our system are full of 
conscious existence, and perhaps intelligent moral 
agency ; and that kindred suns may be attended with 
retinues of worlds, wonderfully exhibiting to creatures 
in them, the exuberant goodness of their Creator. 

But the mind of man labors exceedingly when at- 
tempting to grasp some clear conceptions of that space 
which one solar system occiipies. The nearest fixed 
star is known to be more than two hundred thousand 
times as distant as the Sun. Consequently, the Sun is 
exerting a controlling influence in every part of a hollow 
sphere around it, at least half that distance. But a can- 
non ball moving with the velocity of eight hundreik 
miles the hour, would be more than thirteen years pass- 
ing over the one hundred thousandth part of such a dis^ 
tance ; of course more than a million of years j)assing 
over the whole space. 

Limited as the faculties of man appear, when attempt- 
ing to explore such portions of space as come before 
him in surveyifig the fixed stars, where shall we set 
limits to their expansion? I stand on a plain, and my 
eye takes in but a small field of vision at once. I ascend 
a hill and a much larger field is transferred through the 
eye to the mind's survey. I climb a mountain, and from 
its lofty summit, a sublimer expansion is spread on the 
retina of the eye. Bring to the aid of my feeble organs 
of vision a telescope. In one direction, or one point 
of the field before me, I have a still more enlarged view. 
Now if my eyes were constructed to magnify objects as 
much as the lenses of Uiat telescope, why might not 
my mind grasp a much wider range of objects at once, 
than it can now do through the contracted powers of 
my organs of vision ? And may not this mind be so ex- 
panded when acting through a more favorable medium, 
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that it can view the complicMed circumstaiices of a 
whole solar system, with the same ease with which it 
now surveys the objects of a single landscape? 

Suppose such intellectual powers actually possessed 
by one of our race, when this mortal shall have put on 
immortality. Suppose that in the exercise of these 
faculties, he contemplates wisdom and goodness, as 
displayed in the properties of the elements which con- 
stitute and surround the Earth. He sees attraction and 
repulsion, in the chemical properties and movements of 
what man calls inanimate matter ; assorting and classi- 
fying its minute particles, moulding- them into forms of 
perfect regularity, and combining them in wavs to re- 
flect an endless variety of exquisite brilliancy and beauty. 
He sees matter in its larger masses located, arrangdi^ 
and proportioned in an admirable manner, to subserve 
purposes of vegetable and animal existence, and afford 
conveniences and treasures for man's use. He surveys 
that sublime expansion of fluid matter, which is both the 
fountain and reservoir of all, the waters which refrei^ 
the land. " AH the rivers run into the sea ; yet the sea 
is not full ; unto the place from whence t)ie rivers come 
thither they return again." To prevent its putridity ana 
its diffusion of pestilence, it is impregnated with salt and 
agitated with tides and winds. It facilitates the inter- 
course between distant parts of the world for commer- 
cial and religious purposes. Evaporations from its 
8urfSu» supply needful humidity to thie atmosphere. 
He sees the surface of islands and continents, into which 
the dry land is divided, beautifully diver^ijfied with hiUs 
and vsdlies, where pure springs rise and fertilizing rivers 
flow. An elastic fluid mass encompasses both land and 
water. The transparency ^and rarity of this, admit all 
the benefits and beauty of light, bending the rays of the 
Sun to give us an earlier day, a later evening, and a 
brighter sky ; while it is sufficiently dense to support 
clouds and subserve the purposes of respiration. An 
electric fluid and continual circulation, make it pure 
and salubrious. In the spring and summer, exhalations 
from the vegetable kingdom, render it peculiarly ex- 
hilarating and aromatic 
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To « mind capable of grasping the whole range of 
botanical science, vegetation would be seen perfectly 
adapted to the various climes and seasons and wants of 
a world. " From the cedar of Lebanon to the hyssop 
under the wall ;" from the royal oak to the humblest 
lichen of the rock ; whose seed is in itself, each after its 
kind, inscriptions of wisdom and goodness would every 
where meet him in the verdant green of the wide spread 
landscape, the variegated hues and fragrance of its blos- 
soms and flowers, and in its ^^ swelling, coloring, ripen- 
ing fruit." But the minuter indications of benevolent 
design which pervade every part of the vegetable world, 
I have neither time nor ability to disclose. 

Suppose this being of enlarged intellectual powers 
surveying the animal kingdom. There the structure of 
each body, with its diversified members. Would all be 
found admirably adapted to the elements, the circum- 
stances, the habits of life, for which each animal was 
designed. The myriads of creatures swarming in the 
different elements, would be usually seen in a istate of 
actual enjoyment, and often in abundant measures. 

Perhaps^ that mind would discern that all the suf- 
lerings endured by animals are in consequence of sin's 
having entered the world. Who will venture to affirm, 
that (Sod could not with equal ease have caused all ani- 
mals to be as perfectly free from suffering every mo- 
ment of their existence as one moment 7 Could he not 
even have caused their dissolution to be as free from 
suffering as their falling asleep 7 And may we not add, 
that perhaps the animads of millions of material worlds 
commence, continue, and close their existence, without 
the least degree of suffering. If animals do exist where 
sin is unknown, may they not be supported by a simi- 
lar provision to that which Jehovah seems to have 
made for animals on Earth, before the fall ? " To every 
beast of the Ecurth, and to every fowl of the air, and to 
every thing that creepeth upon the Earth wherein there 
is life, I have given every green herb for meat, and it 
was so." Here was no commission given, perhaps^ no 
inclination existed, to take the life of each other. 

Let us suppose; that displays of wisdom and benevo^ 
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lence are next surveyed in the intellectual world. Be- 
hold a capacious and immortal mind, on Earth inhabit- 
ing a clay tenement " fearfully and wonderfully made," 
constituted and adapted to be the medium through which 
the soul acts, and is acted upon. Compute man's en- 
joyment arising from sensible objects, from the social 
affections, and from the cultivation and refinement of 
his intellectual powers. Aside from the effects which 
sin has produced in man, and in the world, each energy 
of the human mind, and each sensitive power of the 
body, is so adapted to the objects with which it is con- 
versant, that it would be soothed, refreshed, and de- 
lighted continually. Unquestionably, a devout mind 
qualified to discern at once all the indications of be- 
nevolent design which attend inanimate matter, vege- 
table and animal existence, together with the physi^, 
mental, and moral circumstances of man, would exclaim, 
"O Lord, how manifold are thy works, in wisdom hast 
thou made them all ; the Earth is full of thy riches." 

But the intellectual powers of a creature, have been 
supposed adequate to a simultaneous and minute survey 
of all the circumstances of every other world, belonging 
to our solar system. ' Suppose each planet, though pe- 
culiar in all its circumstances, exhibiting as legible in- 
scriptions of wisdom and benevolence as the Earth. 
Let the Sun be seen in larger measure and brighter 
beams, reflecting these attributes of the Creator. And 
let all the diversified minute circumstances, and the sub- 
lime harmonious movement of the whole system, con- 
verge their rays to one point ; what effulgence of ;nrisdom 
and goodness would blaze intensely there. And what 
adequate estimate can be made of the power which cre- 
ated, sustains, and governs this single system of worlds. 
But two thousand suns can be seen without a telescope. 
Suppose each the centre of a system peculiar in some 
of its circumstances ; and each planet in each system 
diverse from every other planet, and solids, and fluids, 
and what is analogous to vegetable and animal existence 
on Earth, with endless diversity proclaiming what is 
every where seen in our own system. 

Some of these systems have two, some )hvM some 
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four, and others more than four Suns. The mind that 
knew the minute circumstances of one system, might 
not be able to imagine the material glories of some of 
the others. 

AVhat glories of wisdom, and power, and goodness 
rush on the conceptions of even mortals on Earth, when 
glancing at the circumstances of thousands of Suns. 
But the telescope discloses evidence of the existence of 
many millions. And these millions may be but a small 
item among the countless millions which exist immea- 
surably beyond the reach of man's power to explore. 
Now the wisdom and power requisite to plan and create, 
and the goodness^ exhibited in sustaming and supplying 
Suns, and worlds, and creatures, so inconceivably nu- 
merous, immeasurably exceeds all our conceptions. 
And the interrogation of the Divine Oracle has an em- 
phasis never before discovered. "Who by searching 
'•an find out God 1 Who can find out the Almighty to 
oerfection ?" What limits shall ignorant, impotent mor- 
tals set to tlie exercise of God's' power ? Because on 
Mars' hill and elsewhere, some self-styled philosophers 
nave mocked, when the resurrection of the dead was 
named ; is there any foundation for the opinion, that He 
who spread out these heavens as a curtain, cannot wake 
our race from the slumbers of the grave? Creation 
should teach man this lesson of humility, that " God can 
do all his pleasure." We have only to inquire what he 
has revealed as his purpose to accomplish, and rest as- 
sured that it can, and will be performed. 

Does scepticism insinuate, that since the dominions of 
the Creator are so extended, he must overlook the dark 
atom which we inhabit, and the diminutive race to which 
we belong? This cavil directed against revelation, rests 
solely on a false estimate of the Divine attributes. None 
but an atlieist denies that God is omnipresent and om- 
niscient, and when the Deity is clothed with these attri- 
butes, it follows imaroidably, that he can be as minutely 
present with each world, and each creature, and each 
thought in his dominions, as though that world, or that 
creature, or that thought, alone existed. 

In Uie light of countless millions of Suns, let us at- 
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tempt to form some conception of Omniscience. Thai 
Being who is perfectly acquainted with the mightiest 
movements and the minutest circumstances of every 
system, every world, and every creature, in the immea- 
surably extended universe, we call omniscient j but is 
all this knowledge omniscience ? It is merely one ray 
compared with the Sun.^ Though the immortality which 
is before man, is sufficiently long for him minutely to 
survey all the circumstances in each system we have 
supposed to exist, if such were the Creator's pleasure ; 
yet the resources of Jehovah for the continual enlarge- 
ment and employment of finite intelligences would for- 
ever remain exhaustless. Truly "his understanding id 
infinite." 

Converge the rays of countless millions of Suns on 
the evil of sin, and who shall estimate its demerit. It 
overlooks the wisdom, contemns the power, and abuses 
the goodness which pervades the whole universe. It 
ten<£ to roll a wave of moral desolation over the whole 
empire of the Eternal, blotting out everjr thing which is 
bright and annihilating every thing which is good. 
How much less than an infinite evil is sin 1 Who shall 
say, that Eternal Love has not erected in his domi- 
nions an adamantine prison, where everlasting chains 
are reserved for unreclaimed sinners ? Does the thought 
arise, since millions of material worlds exist, supposed 
to be the centres around which multiplied millions of 
other worlds revolve, each supposed to contain hundreds 
of millLons of moral agents, may not sin and sufifering 
have entered them ? It may be replied, that perhaps afi 
of them are as the earth would have been, had sin never 
entered it. Or if sin has introduced moral desolatioc 
into other material worlds, the provisions for its pardor 
made here may have efficacy even there. But scepti- 
cism sneeringly asks, " is it likely Eternal Majesty would 
stoop, as the Scriptures teach us he has done, to regard 
the circiunstances of an insect race on a mere atom in 
his dominions?" Scoffing mortal, take your microscope 
and survey a universe of diminutive tribes to which in- 
finite condescension is extended. Lift your eyes to the 
heavens. Are not infinite wisdom and infinite rawer 
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tescribed there ? And will you reject the testimony of 
revelation, that God's condescension and mercy towards 
guilty man, are like his other attributes, infinite? 

A survey of the extent of the material universe, may 
be instrumental of eliciting and inflaming a better train 
of feelings. The heart may breathe out aspirations to 
God. " When I consider thy heavens, the work of thy 
fingers, the Moon and the stars which thou hast or- 
dained ; what is man, that thou art mindful of him, and 
the son of man, that thou visitest him. "Whole nations 
are indeed in thy sight as a drop of the bucket, or a small 
dust of the balance, yea all nations are counted to Thee 
as nothing, and less than nothing and vanity. 
Though uie high and lofty One inhabiting eternity, 
wilt thou extend thy kind regards to him, wno is of an 
humble and contrite spirit? Wilt thou even regard the 
prayer of the destitute ?" 

And has the dust of this planet been moistened with 
the tears, and crimsoned with the blood of the Lamb? 
And shall such an infinite sacrifice for man be disre- 
garded by any to whom the news of unparalleled con- 
descension and infinite mercy are proclaimed ? And can 
such guilt unpardoned, fail of aggravated condemnation? 
And shall any doubt be cherished by those who have 
embraced the hope of the gospel, that minor blessings 
which they may need shall be withheld from them by 
Him who has the resources of the universe at His dis- 
posal ? Can He want for means to execute His most 
tremendous threatenings or fulfil His most glorious pro- 
mises? Suppose He has promised each subject of His 
grace a mansion too bright for the Sun to be a lamp in 
it, can He not fulfil such promise ? Can He not give 
immortal glory to His friends, a glory which shall be- 
come more and more refulgent, when all this drapeiy 
of material glories shall be folded up and laid aside as a 
worn out threadbare garment ? 

When contrasting the attributes of the Creator with 
the circumstances of his creatures, what cause for hu- 
mility? Is it not folly to <irraign such wisdom ? Is it 
not the blackest ingratitude k) grase such goodness? Is 
it not madness to contemn ksl vjwer ? 
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